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The aim of this study was to examine how metaphors are used in scientific and academic contexts. More specifically, the 
metaphorical tendencies of natural sciences, humanities, and social sciences articles were the study’s main point of focus. These 
three branches of science were represented by the subfields of astronomy, applied linguistics, and macroeconomics. The material 
was analyzed quantitatively, qualitatively, and statistically to test the accuracy of the following hypotheses: 
 
Hypothesis 1: the literal meanings of the metaphors have the truth value of being false, which is the basis for achieving successful 
metaphorical meaning and establishing a semantic equilibrium. 
 
Hypothesis 2: the thematic domains of scientific metaphors differ between academic branches along the lines of Wittgenstein’s 
family resemblance. 
 
Metaphor can be defined as “principally a way of conceiving of one thing in terms of another” (Lakoff and Johnson 1980: 37). 
It is different from other figures of speech, such as simile and metonymy. Throughout its history, metaphor theory has gone 
through a number of revisions and additions. This study mainly relies on the linguistic and conceptual theories (Richards 1936; 
Lakoff and Johnson 1980). Metaphors can be analyzed by identifying their two main components: the tenor and the vehicle 
(Richards 1936: 97). This study also set out to disprove a number of critical theoretical assumptions about metaphor made by 
Davidson (1967; 1979). The theory of truth-conditional semantics and Ohkura’s (2003: 1-6) game-theoretical template for 
metaphor semantics provided the theoretical foundation for the first hypothesis. The second hypothesis’ theoretical justification 
was built around Wittgenstein’s (1953: §54, §66) notion of family resemblance. 
 
The study’s database consisted of 11 astronomy articles, 10 applied linguistics articles, and 10 macroeconomics articles, which 
were all published in scientific journals between 1.1.2011 and 31.12.2013. All metaphors from these texts were identified, their 
literal meanings were assigned truth values, and their thematic domains, i.e. qualitative categories were determined. In addition, 
the absolute and normalized metaphor frequencies, the distributions of the truth values, and the frequencies for the qualitative 
categories were calculated. 
 
The normalized frequencies (per 1 000 words) showed that the social sciences articles had the most metaphors (19.5), followed 
by humanities (14.0) and natural sciences (11.9), respectively. The whole database had 3 017 metaphors (15.1 per 1000 words). 
The distribution of the literal meanings’ truth values—97.9 percent of the metaphors had literal meanings with false truth 
values—proved that the first hypothesis holds true. The chi-squared test performed on the frequencies of the qualitative 
categories proved to be statistically very highly significant, which means that the second hypothesis is also true. Comparisons 
with previous metaphor studies that focused on similar scientific topics provided further support for the second hypothesis. 
 
The accuracy of the first hypothesis means that, based on the game-theoretical template and truth-conditional semantics, 
scientific metaphors display consistency in their semantic disposition, which means that they are not elliptical ambiguities, but 
important devices making use of the limited resources provided by language. The accuracy of the second hypothesis shows that 
different branches of science have different norms and tendencies of language and metaphor usage. In general, the results indicate 
that metaphor is an essential and important part of scientific writing, research, theories, and thought. 
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Tiivistelmä – Abstract 
 
Tämän tutkielman tavoitteena oli tutkia, kuinka metaforia käytetään eri tieteenalojen julkaisuissa. Oleellisina tieteenhaaroina 
toimivat luonnontieteet, humanistiset tieteet ja yhteiskuntatieteet. Koska nämä haarat ovat sisäisesti erittäin laajoja, tutkielman 
analyysi keskittyi tähtitieteen, soveltavan kielitieteen ja makrotaloustieteen artikkeleihin. Näitä artikkeleita analysoitiin 
kvantitatiivisesti, laadullisesti ja tilastollisesti, jotta seuraavien hypoteesien paikkansapitävyyttä voitiin testata: 
 
Hypoteesi 1: Aineistosta löytyneiden metaforien kirjaimellisille merkityksille voidaan määrittää epätodet totuusarvot, joiden avulla 
saavutetaan onnistunut metaforinen merkitys ja vakiinnutetaan semanttinen tasapainotila. 
 
Hypoteesi 2: Tieteellisten metaforien laadulliset kategoriat eroavat eri tieteenalojen välillä Wittgensteinin perheyhtäläisyyttä 
koskevan teorian mukaan. 
 
Yksinkertaisen määritelmän mukaan metafora on kielikuva, jonka avulla yksi asia voidaan ymmärtää toisen asian kautta (Lakoff 
ja Johnson 1980: 37). Tässä tutkielmassa lingvistiset ja käsitteelliset metaforateoriat olivat keskeisessä roolissa. Metaforat 
pystytään tunnistamaan tekstistä määrittämällä niiden kaksi pääkomponenttia, jotka ovat pääajatus (tenor) ja ilmaisuväline 
(vehicle) (Richards 1936: 97). Ohkuran (2003: 1-6) määrittämä metaforan semanttisen rakenteen peliteoreettinen malli ja 
Wittgensteinin (1953: §54, §66) perheyhtäläisyyttä koskeva teoria toimivat tärkeinä teoreettisina työkaluina hypoteesien 
paikkansapitävyyttä testatessa. Lisäksi tutkielma pyrki osoittamaan Davidsonin (1967; 1979) kriittiset oletukset metaforan 
teoreettisesta luonteesta vääriksi. 
 
Analysoitava aineisto koostui 11 tähtitieteen artikkelista, 10 soveltavan kielitieteen artikkelista ja 10 makrotaloustieteen 
artikkelista. Nämä artikkelit oli julkaistu arvostetuissa tieteellisissä julkaisuissa päivämäärien 1.1.2011 ja 31.12.2013 välisenä aikana. 
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Normalisoidut metaforien frekvenssit (tuhatta sanaa kohden) osoittivat, että makrotaloustieteen artikkeleissa oli eniten metaforia 
(19,5) ja soveltavan kielitieteen ja tähtitieteen artikkeleiden vastaavat arvot olivat 14,0 ja 11,9. Koko aineistossa oli 3 017 metaforaa 
(15,1 tuhatta sanaa kohden). Tieteellisten metaforien kirjaimellisten merkitysten totuusarvojen jakauma—97,9 prosentilla 
aineiston metaforista oli epätosi kirjaimellinen merkitys—osoitti, että tutkielman ensimmäinen hypoteesi pitää paikkansa. Toisen 
hypoteesin paikkansapitävyys todistettiin laadullisten kategorioiden frekvensseille suoritetulla khiin neliö –testillä, jonka tulos 
osoittautui tilastollisesti erittäin merkitseväksi. Myös aikaisempien metaforatutkimusten tulokset tukivat tätä hypoteesia. 
 
Ensimmäisen hypoteesin paikkansapitävyys osoitti, että tieteellisten metaforien semanttinen rakenne on looginen ja 
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1. Introduction 
Metaphor is an omnipresent and fundamental mechanism for understanding, reasoning, and 
categorizing the world (Cuadrado and Durán 2013: 3). It is not a mere aspect of language, but 
a vital characteristic of human thought and action (Lakoff and Johnson 1980: 4-6). Therefore, 
metaphor analysis is an important field of linguistics research, because it illuminates the 
relationship between people, language, and reality. As a specific field of linguistic inquiry, 
metaphor analysis is concerned with semantics and pragmatics, thus, it provides a way of 
examining both language meaning and use. A better understanding of metaphor provides a 
clearer picture of the dynamic links between different domains of human interaction. In 
addition, the perceived divide between academic cultures and the subsequent failure in 
communication has been a long-standing concern for scientific discourse (Snow 1959: 2-4). 
This study sets out to examine the metaphorical tendencies of academic discourse in natural 
sciences, which consist of, for example, astronomy, physics, and chemistry; social sciences, 
such as economics, political science, and sociology; and humanities, which include, for 
instance, linguistics, philosophy, religion, and literary science. While linguists have researched 
the usage of metaphor in regard to a number of individual scientific and academic phenomena, 
intra- and interdisciplinary patterns of metaphor usage in academic writing have not been 
studied extensively. 
The outline of this study is as follows: chapter 2 discusses the theoretical and empirical aims of 
the study and states and justifies the hypotheses; chapter 3 analyzes the relevant theoretical 
framework by dissecting the development of metaphor theory, metaphor’s structure and 
components, metaphor semantics, the truth-conditional theory of meaning, game-theoretical 
semantics, the psycholinguistics of metaphor, and Wittgenstein’s family resemblance; chapter 
4 presents the previously conducted research dealing with metaphor usage in science and 
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academia; the details of the data and the study’s methodology are stated in chapter 5; the 
extensive quantitative and qualitative results are presented in chapter 6; chapter 7 discusses the 
results and the accuracy of the hypotheses; and chapter 8 concludes the study.  
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2. Aim and hypotheses 
The general aim of this study is to investigate the tendencies of academic texts in regard to 
figurative language. More specifically, the analysis focuses on metaphor and its patterns of 
usage across varying academic disciplines. The trichotomy of natural sciences, social sciences, 
and humanities acts as the relevant division for the scope of this study. First, a rigorous 
theoretical foundation is established in order to specify the development, function, role, and 
structure of metaphor. The theories of truth-conditional semantics, game-theoretical semantics 
for metaphor, and family resemblance are dissected and applied in a manner to suite the aim 
and intent of this study. 
In order to carry out the empirical research, adequate criteria for the selection of the material 
were established. After the relevant material had been selected, it was analyzed in order to 
identify all of the metaphors and distinguish their structure and components based on the 
previously defined theory. The literal meanings of the metaphors were assigned truth values in 
regard to the conditions of reality. In addition, the thematic domains of the metaphors’ vehicles 
were identified and categorized. The quantitative analysis consists of the absolute and 
normalized frequencies of the metaphors found in the scientific articles from the different 
academic disciplines. The thematic tendencies between the different fields of academia are also 
analyzed quantitatively and statistically to a certain extent. Investigating distributions and 
variation in terms of the truth values of the literal meanings is a vital objective in regard to the 
study’s first hypothesis. The qualitative analysis focuses on establishing and examining the 
thematic categories based on family resemblance. The quantitative and qualitative analysis is 
needed in order to test the accuracy of the following hypotheses: 
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Hypothesis 1: the literal meanings of the metaphors have the truth value of being 
false, which is the basis for achieving successful metaphorical meaning and 
establishing a semantic equilibrium. 
Hypothesis 2: the thematic domains of scientific metaphors differ between 
academic branches along the lines of Wittgenstein’s family resemblance. 
The first hypothesis argues that, when understood literally, metaphors state falsehoods about 
reality, which would be unintuitive in the context of scientific writing. While it has been argued 
that metaphors contain no metaphorical meaning, but only their literal ones, game-theoretical 
semantics has defined a cooperation problem for metaphor, which includes both the literal and 
metaphorical meanings as equilibria (Davidson 1979: 30; Ohkura 2003: 6). If the literal 
meaning of the coordination problem is false in terms of reality, it would provide a convention 
through which the metaphorical meaning can be given logical precedence. Thus, the contrast 
between a literal falsehood and a metaphorical context-based truth would resolve the 
coordination problem and direct the interpreter of a metaphor to the correct intended meaning. 
The accuracy of this hypothesis depends on the quantitative inclination of the ascribed truth 
values. 
The second hypothesis assumes that the thematic domains, which determine the type of a 
metaphor, show similar tendencies in a specific academic context—and, more importantly, 
deviation between different contexts. This hypothesis is based on Wittgenstein’s (1953) notion 
of family resemblance and the thematic patterns found in previous studies focusing on metaphor 
usage. In essence, family resemblance states that language use has certain tendencies in certain 
domains—which in this case are the three branches of academia—based on a level of 
resemblance, which does not necessarily mean absolute similarity (Wittgenstein 1953: §66)1. 
                                                          
1 Wittgenstein’s book uses sections instead of page numbers. 
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Whether the second hypothesis is proven to be true or false, it would show that metaphors are 
constructed either differently or similarly in different scientific and academic contexts. 
Conversely, similar metaphorical tendencies across academia could also suggest that the 
division between faculties might not be absolute, but flexible and interactive. The thematic 
correspondence is analyzed statistically through the qualitative categories.  
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3. Theoretical framework 
3.1. The development of metaphor theory 
3.1.1. A basic definition 
According to The Oxford English Dictionary metaphor is derived from the Latin and Greek 
words metaphora ‘a transfer’ and metaphérein ‘to transfer’,  and is defined as “a figure of 
speech in which a word or phrase is applied to an object or action to which it is not literally 
applicable” (Oxford Dictionaries 2013). Furthermore, the broader concept of a figure of speech 
is specified as a rhetorical and vivid instance of non-literal language (op.cit.). As a trope, i.e. a 
case of figurative language which relates to meaning, metaphor falls in the same category with 
such linguistic conventions as analogy, allegory, metonymy, simile, and synecdoche. 
A concise and widely cited account of metaphor interprets it as “principally a way of conceiving 
of one thing in terms of another” and distinguishes understanding as its primary function 
(Lakoff and Johnson 1980: 37). In contrast, analogy is a more precise and restrictive figure of 
speech which takes the form of A is to B as C is to D (Darian 2003: 111).  Metonymy uses the 
name of a secondary subject to refer to a primary subject which share a semantic domain, and, 
while synecdoche also draws terms from a single domain, it substitutes part of something for 
the whole subject, or vice-versa (Backman 1991: 18). Simile is a very interesting case of a 
figure of speech, because it is often mistaken for an explicit form of metaphor (Black 1962: 37; 
Black 1979: 186; Martin and Harré 1982: 100-1). Similes are explicit forms of comparison 
which can be identified by the syntactic markers like and as. The following are instances of 
these different figures of speech, i.e. tropes. 
 (1) The invisible hand makes sure that markets function efficiently. 
 (2) Democrats are to Republicans what apples are to oranges. 
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 (3) Washington finally resumed its operations. 
 (4) Jason used his savings to buy a brand new set of wheels. 
 (5) Each atom acts as a clock whose ticking rate depends on its energy level. 
Examples (1), (2), (3), (4), and (5) are instances of metaphor, analogy, metonymy, synecdoche, 
and simile, respectively. Metaphor is regarded by some as being superior to other tropes, i.e. 
the true master trope (Fontanier 1968; Backman 1991: 17). It should be noted that the  
boundaries between different figures of speech are not absolute, and sometimes they can be 
viewed as being subcategories of each other. 
3.1.2. The earliest interpretations 
Metaphor theory has a very long history which spans from the times of ancient philosophers to 
the dawn of the information age, and throughout this period it has experienced multiple 
revisions and additions. The early comparison and substitution theories of metaphor have their 
roots in Aristotle’s (1457b9-16, 20-22) formalization of metaphor, according to which it is “the 
application of an alien name by transference either from genus to species, or from species to 
genus, or from species to species.” The comparison and substitution views understand metaphor 
as a deviance from normal use—ultimately a misusage of language—which relies on 
underlying similarities between the relevant subjects, and it results in style, clearness, and 
charm (Backman 1991: 24-5). Therefore, these theories view metaphor primarily as a stylistic 
tool. Furthermore,  the Aristotelian metaphor requires the copula, be, thus, limiting its function 
to the explicit level of specific words (op.cit.). According to Aristotle, to have a command of 
metaphor is the mark of genius (Richards 1936: 89). 
The Elizabethan metaphor emphasizes the poet as the composer of a metaphor which he uses 
to discover and interpret the collective experience of God’s presence (Backman 1991: 26). 
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While metaphor was limited to the role of a tool for the unfortunately intangible domain of 
theology, this  interpretation is the first instance of metaphor being acknowledged as a construct 
which expands the rigid boundries of standardized language and words. In other words, 
language was started to be viewed as vital and figurative instead of absolutely systematic and 
rational (Rosseau 1966: 11-3). The fallacy of this view was that the ability to use metaphor was 
still seen as a special talent or skill, therefore, reserved for distinguished poets. 
3.1.3. The linguistic theories 
The Elizabethan view was followed by the notion of linguistic reality, according to which 
people perceive reality through language and that poetic tropes predate abstract thought, which, 
in turn, is a prerequisite for rational thought (Vico 1968: 129). In a sense, language in itself is 
a metaphor for reality. The importance of the creative aspects of figurative language were 
further solidified by Nietzsche’s (1974: 80) argument that there is no absolute correspondence 
between a word and a thing. As a result, metaphor became  the tool which bridged the gap 
between thoughts and words. In this way, the lack of the aforementioned absolute 
correspondence did not render language as endemicly deficient (op.cit.). Metaphor was no 
longer a “mere embellishment” or “added beauty”,  but a fundamental part of creative language 
(Richards 1936: 100). 
The linguistic theories of metaphor build on the arbitrary relationship between the signifier and 
the signified and, at the same time, recognize the role of the written form of language (de 
Saussure 1959; Backman 1991: 33). These theories provide a way of researching metaphors 
through linguistic units in a system of signs, i.e. standardized language. For the scope of this 
study, the most relevant lingustic theory is Richards’ (1936) tension, or interaction theory of 
metaphor. 
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The most important aspect of Richards’ theory is its emphasis on context. As with Nietzche 
above, Richards (1936: 11) firmly rejects the notion that words have a fixed meaning which is 
independent of time, space, purpose, or intention. He argues that this proper meaning 
superstition ignores the fact that the stability of a word’s meaning is always a result of the 
constancy of the relevant context (op.cit.). According to Richards (1936: 32), meaning is 
ultimately “delegated efficacy through contexts”. This notion of a multiplicity of meanings 
arising out of contextual persistence is important for metaphor semantics, which is elaborated 
on in a later section. Richards (1936: 13) expands on the relationship between language, 
thought, and metaphor; he identifies language as the most accessible way of studying thought 
and refutes the aforementioned traditional understanding of shifting and displacement of words. 
Metaphor is a transaction between contexts which happens through interaction of thoughts, and, 
thus, is not a mere verbal matter taking place at the level of words (Richards 1936: 94). The 
mind is a connective organ which creates connections between the components of a metaphor 
based on the resemblance of their properties—which can also include dissimilarities—in an 
infinite number of ways (Richards 1936: 108, 125). Thus, in contrast to the assumptions of the 
aforementioned comparison and substitution interpretations, Richards’ theory of metaphor does 
not depend on the underlying similarity between the metaphor’s subjects. The more distant the 
subjects the mind is connecting through a metaphor are, the more tension is created, which 
according to Richards (1936: 125), results in a successful metaphor. In this way, language and 
words, with the help of metaphor, become the meeting point of different regions of experience 
which would not interact outside of language (Richards 1936: 131). 
In addition, metaphor is not special and exceptional use of language or a deviant case of the 
literal, but an omnipresent principle of all language which extends to different domains of 
human interaction, such as aesthetics, politics, sociology, ethics, psychology, and theory of 
language (Richards 1936: 90-2). Thus, the linguistic theories of metaphor argue that human 
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thought and all language—which encompasses the different fields of academia—are vitally 
metaphorical. 
Black’s (1962) version of the interaction theory of metaphor builds upon Richards’ tension 
theory and argues further against the substitution and comparison interpretations of metaphor. 
He identifies catachresis as the main function of a metaphor and defines this concept as “the 
use of a word in some new sense in order to remedy a gap in the vocabulary” (Black 1962: 32). 
Metaphors used in this manner, such as orange and quark, can quickly become the meaning 
with the strongest context and, therefore, be interpreted as the literal meaning (op. cit.). These 
metaphors which are not readily recognized as such are more commonly known as dead 
metaphors, which include, for instance, the branches of science and catching a cold. Because 
the substitution and comparison theories assume a literal equivalent for a metaphor, which can 
also be paraphrased, metaphor’s only function would be to produce a “shock of agreeable 
surprise” (Black 1962: 34-5). This would render metaphor into a mere stylistic decoration, but, 
as the definition of catachresis indicates, it is a distinct and important component of all 
language. This approach also emphasizes the fact that metaphors do not only express pre-
existing similarities, but actually create new ones, and that the recognition and interpretation of 
a metaphor depend on the circumstances of the utterance in question (Black 1962: 29; Backman 
1991: 36). 
3.1.4. The conceptual theory of metaphor 
The more recent theories of metaphor take a cognitive approach to find further links between 
metaphor and the human mind. Lakoff and Johnson (1980: 4) recognize that metaphor is not 
only present in everyday language, but also in thought and action through cognitive processes 
and conceptual domains. Defining, categorizing, and conceptualizing all interactions through 
reality—based on metaphorical extensions of prototypical causation—facilitate the 
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understanding and remembering processes (Lakoff and Johnson 1980: 84). They build on 
Richards’ notion of context sensitivity with universal metaphorical concepts which signify how 
culturally and physically defined reality is structured and comprehended in our minds 
(Backman 1991: 40). According to Lakoff and Johnson (1980: 19), metaphor is a tool for 
understanding a concept on an experimental basis, which can be equated with Richards’ notion 
of context stability. 
Similar to Black (1962), the conceptual theory of metaphor acknowledges the value of dead, or 
constitutive metaphors and emphasizes that their status does not diminish their importance or 
function as a part of language (Lakoff and Johnson 1980: 56). Furthermore, standardized 
writing systems based on spatial forms reinforce a metaphors’ conceptualization, which 
supports Black’s (1962) notion that metaphors cannot be paraphrased successfully (Lakoff and 
Johnson 1980: 127). Thus, it would seem that, to an extent, syntax is not devoid of meaning 
when it relates to metaphors and distinct metaphorical meaning. The conceptual theory supports 
the notions of metaphors creating new meanings and being forms of imaginative rationality 
which do not require extraordinary cognitive skill (Lakoff and Johnson 1980: 145, 152, 194). 
The conceptual approach also reinforces the role of metaphor in scientific theories and 
academic mappings and recognizes the function of metaphor in the concepts of causation found 
in physical and social sciences (op.cit.). Metaphor analysis based on the conceptual theory has 
been used to study such fields as mathematics, philosophy of science, physics, computer 
science, economics, literary analysis, poetry, psychology, and law (Lakoff and Johnson 1980: 
268). 
Another important contributor to the conceptual theory of metaphor is Kövecses (2002), who 
elaborates on some of Lakoff and Johnson’s central ideas. Kövecses (2002: 5-6) emphasizes 
the relationship between the conceptual metaphor and the metaphorical linguistic expressions 
used to manifest or to make explicit the actual conceptual metaphor. In other words, the 
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interaction of conceptual entities is expressed through the linguistic form, which can be linked 
to Richards’ (1936: 94) aforementioned notion about metaphor being a result of interacting 
thoughts. In addition, he points out that certain metaphors have become well established and 
deeply entrenched in the usage of specific linguistic communities (Kövecses 2002: 30). This 
aspect of metaphor usage alludes to the idea that certain kinds of metaphors are used in certain 
contexts, which pertains to this study’s second hypothesis that focuses on family resemblance 
in academic metaphor usage. Kövecses (2002: 33-6, 40) is also known for having introduced a 
taxonomy of conceptual metaphors, which differentiates between structural, orientational, and 
ontological metaphors, but this nomenclature is not relevant in regard to this study’s scope. 
3.1.5. The neural theory of metaphor 
The latest and most rigorous template for understanding metaphor is the neural theory of 
metaphor and language, which utilizes computational techniques and neural modeling to prove 
the existence of metaphors in relation to the human brain, and its foundation is the conceptual 
theory of metaphor (Lakoff 2009: 1). In practice, conceptual metaphors are computed via 
neuroscience-based mappings which equate regions of the brain and specific brain activity with 
the domains, or components of a metaphor (Lakoff and Johnson 1980: 257-8). These studies 
have concluded that metaphor is ultimately a neural phenomenon. 
The neural theory of language is constructed based on the theory of neural computation, and it 
deals with such elements and features as neuronal groups, or nodes, neural activity as flows of 
ions across synapses, simulation semantics, multi-modal mirror neurons, neural maps, neural 
binding, various different circuits, and mental spaces (Lakoff 2009: 2-3). Understandably, these 
details are beyond the scope of this study, but interested readers should refer to Feldman’s 
(2006) From Molecule to Metaphor for further information. 
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The neural theory of metaphor provides explanations for a number of phenomena from previous 
metaphor theories. In it, metaphorical mappings are physical, linking circuits which, when 
activated, form links within integrated neural circuits, which means that activating a metaphor 
activates complex integrated brain circuitry (Lakoff 2009: 14). Thus, the structure of the 
conceptual metaphor is rooted in neural structure. It is established that new conceptual 
metaphors utilize pre-existing conceptual mappings and knowledge, and the synaptic strengths 
of fundamental metaphors become stronger and resistant to change as a result of sustained usage 
(Lakoff 2009: 17, 27, 29). In addition, the specific metaphorical meaning is activated based on 
the context in which the metaphor occurs (op.cit). Therefore, the neural theory lends further 
credence to Richards’ (1936) tension theory of metaphor, which emphasizes the constancy of 
context as a basis for metaphorical meaning, and, as mentioned, it acts as the central theory for 
this study’s empirical portion. Lakoff (2009: 31) also highlights how the neural understanding 
of metaphor lends further credence to the fact that the overall conceptual systems of academic 
subject matters, such as politics, philosophy, and mathematics, are inherently metaphorical. 
This notion is especially important in terms of this study’s point of focus. 
Lastly, Lakoff (2009: 15) states an important notion—based on a number of empirical studies 
that focus on the neural aspects of metaphor—according to which “in situations where the 
source and target domains are both active simultaneously, the two areas of the brain for the 
source and target domains will both be active.” The above validates the binary nature of 
metaphor and relates to its components, which are analyzed in detail in the following section. 
3.2. Metaphor structure and components 
3.2.1. Focus and frame 
In order to analyze metaphors both quantitatively and qualitatively, their structure and 
individual components need to be identified from the broader context. The general architecture 
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of a metaphor is binary in nature, and the most thorough analysis of this structure is provided 
by the linguistic and conceptual theories of metaphor. Black’s (1962) focus-frame, Richards’ 
(1936) tenor-vehicle, and Lakoff and Johnson’s (1980) target domain-source domain 
frameworks are all constructed based on the same general idea, but differ in regard to certain 
details, which are analyzed below. 
 Recognizing a case of a metaphor and identifying its components makes it possible to examine 
the blurred line between the literal and the metaphorical, and Black (1962: 27) tries to pin down 
the logical grammar of a metaphor by defining the focus and the frame. The primary subject of 
a metaphorical sentence or statement is defined as the focus which is contrasted with the 
accompanying words, which function as the frame (Black 1962: 27-8). This contrast between 
the focus and the frame results in a successful metaphor. According to Black (1962: 27), the 
contrast is a product of juxtaposing the metaphorical with the non-metaphorical, or literal. The 
following example provides a closer analysis of this structure. 
 (6) The bite of Hemingway’s prose is much greater than its bark. 
In example (6), the primary subject of the metaphor, to which our attention is drawn, is 
Hemingway’s prose and the secondary subjects, which make up the frame, are bite and bark. 
The metaphor is created by contrasting the literal understanding of Hemingway’s prose with 
the metaphorically used notions of a dog’s bark and bite. The shortcoming of Black’s approach 
is that it requires the explicit presence of both the focus and the frame in a metaphorical sentence 
and it does not differentiate whether the focus is the recipient of the metaphorically transferred 
qualities of the frame, or vice-versa. In example (6), the focus receives the metaphorical 
attributes, but in example (7), the pattern has reversed. 
  (7) The car flew through the busy intersection. 
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According to Black’s (1962: 28) view, flew is the focus of the above sentence, while the car 
and the intersection provide the frame. By comparing the two examples it can be seen that 
Black’s focus can be used either literally or metaphorically, depending on the situation.  In 
contrast, Richards’ (1936) tension theory of metaphor provides a more thorough and specified 
basis for the structure of a metaphor. 
3.2.2. Tenor and vehicle 
Richards (1936: 96) provides a framework which, according to him, “may make the translation 
of our skill with metaphor into explicit science easier” and emphasizes the importance of 
distinguishing agreeable terms. He acknowledges the inadequacy of the existing vague 
metaphor terminology and distinguishes and defines the tenor and the vehicle as the two main 
components, which form a cohesive and unabridged double unit known as a metaphor (Richards 
1936: 96). He specifies the tenor as “the underlying idea or principal subject which the vehicle 
or figure means” (Richards 1936: 97). This definition clarifies that the tenor is always the 
recipient of the metaphorically transferred attributes, attitudes, and qualities attached to the 
vehicle. Consequently, the vehicle is always the part of a metaphor which is being used 
metaphorically, and, therefore, in order to identify a metaphor, a metaphorically used vehicle 
needs to be distinguished. In examples (6) and (7), Hemingway’s prose and the car are the 
tenors, respectively, while the bite, bark, and flew are the vehicles which metaphorically lend 
their attributes to the tenors. 
A further virtue of Richards’ theory is that it allows for the tenor and vehicle to exist in the 
same word or phrase, which is a merit of the notion that metaphor is an interaction of complex 
thoughts and not just specific words (Richards 1936: 94; Martin and Harré 1982: 93). This is 
evident in example (8). 
 (8) The rat told the police where the money was hidden. 
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The word rat signifies both the tenor—the police informant—and the vehicle—the animal—
whose attributes are transferred to the informant in the metaphor. This approach liberates 
metaphor from the confinement of words and elevates it to the level of interacting thoughts, 
which emphasizes the aforementioned context specificity of metaphors. 
The interaction of the tenor and the vehicle is the process which results in a successful metaphor 
with a meaning of “more varied powers than can be ascribed to either” (Richards 1936: 100). 
Thus, a metaphor is not a simple sum of the literal meanings of the tenor and the vehicle. The 
link between the tenor and the vehicle—the literal and the metaphorical—is called the ground, 
which denotes the shared attributes of the components. For instance, in example (8), the police 
informant and the rat share the qualities of low societal status and the tendency to engage in 
dirty activities. At the same time, there are other attributes which they do not share—which 
make the metaphorical juxtaposition seem at first paradoxical—such as being a long-tailed 
rodent of diminutive size. As mentioned above, the components of a metaphor do not need to 
be similar, and, in fact, Richards (1936: 125-7) argues that the more distant the tenor and the 
vehicle are, the more tension is created which leads to vivid and powerful metaphors. This is 
all based on the aforementioned ability of the brain to function as a connective organ (Richards 
1936: 125). Thus, both likeness and unlikeness in terms of the components can contribute to 
the totality of a metaphor (Richards 1936: 127). 
Linguists have acknowledged the quasi-paradoxical ability of metaphor to create new 
similarities between the tenor and the vehicle from seemingly apparent contradictions (Ortony 
1993: 5). In a sense, it seems that a metaphor encompasses both the concepts of “compare to” 
and “compare with”, which is an interesting notion when analyzing the family resemblance of 
field-specific metaphors, which is elaborated on in a later section. 
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An important feature of the vehicle is that it contains the thematic domain, which specifies the 
type, theme, and nature of a metaphor. For instance, the thematic domain of examples (6) and 
(8) is the theme of animals, and in example (7), it can be interpreted as being related to 
aeronautics. The identification and categorization of different thematic domains is vital for 
metaphor analysis, because they denote what types of metaphors occur in specific contexts. 
3.2.3. Target domain and source domain 
The conceptual theory of metaphor uses its own terms of target domain and source domain, 
which have their own idiosyncrasies, but, at the same time, are very similar to Richards’ tenor 
and vehicle. Lakoff and Johnson (1980: 266) define the target domain as consisting of the 
immediate subject matter and the source domain as the component where the important 
metaphorical reasoning takes place and which provides the source concepts used in the 
metaphor formation process. Thus, the source domain takes the target domain “beyond the 
realm of the literal” (Lakoff and Johnson 1980: 55). This definition clearly illustrates the 
equivalency between the tenor and the vehicle and the target and source domains, respectively. 
Furthermore, the relationship between a metaphor’s components is defined as understanding 
one kind of experience in terms of another kind of experience, which is based on extending the 
general, i.e. literal understandings of the domains (Lakoff and Johnson 1980: 117). The literal 
understandings of the domains are referred to as prototypes, and once the domains interact as a 
metaphor, the attributes of the prototypical source domain are extended to the target domain 
through a conceptualization process (Lakoff and Johnson 1980: 77, 84, 126). The distance 
between the prototypical domains is referred to as metaphoricity and—similar to Richards’ 
notion of tension—as the distance between the domains grows, so does the potency of the 
metaphor (Cuadrado and Durán 2013: 10). As with tenor and vehicle, new similarities can arise 
between distant domains when a successful metaphor is formed. As a result, the interaction 
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between a target and a source domain can create new understandings of reality rather than just 
reiterating the pre-existing conditions (Lakoff and Johnson 1980: 14-5, 124). 
Kövecses (2002: 16-20) has compiled and analyzed some of the most common source domains 
which include: the human body, health and illness, animals, plants, buildings and construction, 
machines and tools, game and sport, money and economic transactions, cooking and food, heat 
and cold, light and darkness, forces, and movement and direction. He also discusses about the 
important aspect of metaphor as a personifying figure of speech (Kövecses 2002: 49). These 
common source domains are important for the qualitative analysis of this study’s metaphors, 
because they provide the basis for differentiating between the different kinds of metaphor types 
used in scientific contexts. The details of this study’s approach to qualitative categorizing is 
expanded on in the methodology section. 
In addition, the conceptual framework provides a tool for differentiating between metaphor and 
metonymy; while metaphor has both a target and a source domain, metonymy is a referential 
figure of speech which is constructed around different dimensions of the same target domain, 
i.e. the immediate subject matter (Lakoff and Johnson 1980: 37, 266). In other words, the 
subject of a metonymy draws attributes only from itself. 
While Black (1962: 47) has broken down the structure of metaphor in a more detailed manner 
(see appendix A), for the intent and scope of this study’s quantitative and qualitative analysis, 
the binary distinction between tenor and vehicle is adequate. In addition, in this study, tenor 
and target domain and vehicle and source domain are treated as equivalents, because the above 
analysis shows that they fulfill the same roles as components of metaphor. This also means that 
the previously listed common source domains can be treated as common thematic domains for 
the vehicles. This chosen approach makes it possible to distinguish the metaphors’ thematic 
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domains—through qualitative analysis of the vehicles—which are needed to test the accuracy 
of the second hypothesis. 
3.3. Metaphor and meaning 
As the previous analysis indicates, an important aspect of metaphor is the discourse between 
the literal and the metaphorical. Moreover, it seems obvious that both of these modes of 
language carry meaning, but there are notable arguments against the existence of metaphorical 
meaning. The most prominent of these comes from Davidson (1967; 1979), whose argument 
against metaphorical meaning has its roots in the numerous attempts to tame natural languages 
through truth-conditional semantics—in the same manner that Tarski’s2 semantic theory of 
truth is applied to formal languages, such as programming languages and formal, i.e. 
mathematical logic (Davidson 1967: 312-5). Trying to link natural and formal systems has 
proven to be problematic, because, in contrast to natural languages, the latter “are artefacts 
designed for one or another purpose and are good or bad to the extent that they serve these 
purposes” (Chomsky 2000: 64). 
Contrary to all of the aforementioned analysis, Davidson’s (1979: 29-30) controversial thesis 
is that “metaphors mean what the words, in their most literal interpretation, mean, and nothing 
more.” First, Davidson (1979: 30) claims that metaphors cannot be paraphrased, because there 
is nothing to paraphrase; if adequate paraphrases do not exist and paraphrases are equivalent to 
what is actually said, the inability to produce a corresponding paraphrase means that there is 
nothing beyond the literal to say. Secondly, while the role of metaphor in literature, science, 
philosophy, and law is recognized, it is void of unique meaning and limited to the simplistic 
role of a conduit of the ordinary meaning with the function of presenting an element of novel 
surprise (Davidson 1979: 31, 36). In addition, he states that metaphor is a signifier of likeness 
                                                          
2 Alfred Tarski was a noted logician who studied the concept of truth in formalized languages. 
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between its components which equates it with a corresponding simile (Davidson 1979: 31, 38). 
Thus, it would only point to something evident and trite which exists and is apparent without 
the metaphor and which would maintain only its literal meaning even after being incorporated 
into a metaphor. The argument also disregards the notions that, according to Richards (1936: 
94), new meanings are born as a result of two distinct thoughts interacting, and that metaphors 
bear specific cognitive content, i.e. meaning (Davidson 1979: 44). Finally, Davidson (1979: 39-
41) argues that in terms of truth, metaphors contain nothing else but patent falsehoods or absurd 
truths: “the sentences in which metaphors occur are true or false in a normal, literal way, for if 
the words in them don’t have special meaning, sentences don’t have special truth.” 
The first argument concerning paraphrasing has been rendered invalid by a plethora of linguists 
and metaphor experts. Black (1962: 37-9, 46; 1979: 189) states that metaphor is neither a 
substitute for a formal comparison nor a cryptic literal substitute with a literal meaning; a 
paraphrase inevitably says too much, too explicitly, missing the elegant and concise, yet 
rhetorically rich nature of a metaphor. Trying to duplicate a metaphor through a paraphrase is 
like explaining a joke—the effect of the original linguistic form is clearly superior in terms of 
rhetorical impact. The contrast between examples (9) and (10) displays the inadequacy of 
clumsy attempts at literal paraphrasing. 
 (9) Among the pack of computer visionaries, Steve Jobs was the alpha male. 
 (10) Steve jobs was feared and respected as a powerful leader by other inferior
 computer science innovators, which is very reminiscent of the behavior and
 hierarchy found in a pack of wild animals, such as lions. 
 In addition, as stated previously, metaphor has the important task of filling lexical gaps through 
catachresis in cases where the literal vocabulary is insufficient (Black 1962: 32). This function 
is especially important in academia and science. An astute example of this is the word quark, 
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which first appeared in James Joyce’s (1939: 383) Finnegans Wake to describe a cry of a gull, 
but since then it has been institutionalized in the terminology of particle physics. Some 
metaphors used in this manner have transcended the literal meanings; when working on his 
theories of relativity, Einstein used the terms mass and force purely metaphorically (Hesse 
1993: 64). 
The uniqueness of a metaphor’s meaning and form is further supported by the findings related 
to the conceptual theories of metaphor; linguistic form is conceptualized in spatial terms, 
meaning that metaphors are conceived as they appear in a specific spatial structure of a sentence 
(Bolinger 1977; Lakoff and Johnson 1980: 127). Thus, substitutes, comparisons, literal 
paraphrases, and similes cannot capture the exact meaning of metaphor. Furthermore, the 
previously stated advancements in the neural theory of metaphor show that the argument against 
cognitive metaphorical content has been proven to be inherently wrong. 
Because Davidson is fixated with individual words and their perceived literal meanings, he fails 
to recognize that the interaction aspect of the tension theory emphasizes the intercourse of 
thoughts which are not bound to specific words with absolute literal meanings (Richards 1936: 
94). Davies (1984: 298) notes that Davidson is wrong in saying that words are the wrong 
currency for a metaphorical account of an experience; it is not the words themselves which are 
inadequate—but the literal assertions attached to them. The erroneous assumption about 
compulsory likeness, or similarity underlying the metaphor structure has been debunked by 
both the linguistic and conceptual theories, which acknowledge that distant resemblance and 
seemingly paradoxical dissimilarity are, in fact, qualities that belong to powerful metaphors 
(Richards 1936: 125-7; Cuadrado and Durán 2013: 10). This distance between the components 
necessitates a metaphorical meaning which transcends the simple sum of the original literal 
meanings. 
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Davidson’s final argument about the truth values attached to literal and metaphorical meanings 
can be addressed by taking a game-theoretical approach to metaphor semantics, but first, a 
closer examination and understanding of the theory of truth-conditional semantics is needed. 
3.4. Truth-conditional theory of meaning 
As the notion of linguistic reality states, the words and phrases which constitute a language 
symbolize and describe the infinite number of phenomena in the world around us (Kearns 2011: 
6). Thus, language is a container for information about reality. The meaningfulness of language 
is based on its ability to create connections between words and the corresponding parts of reality 
(op.cit). The semantic notion of possible worlds encompasses all the hypothetical ways reality 
might be or might have been, therefore, the actual world, which states the way things actually 
are in regard to reality, is the relevant subset in the set of possible worlds (Kearns 2011: 8). 
Truth-conditional semantics is concerned with whether sentences accurately describe parts of 
reality, i.e. fit the conditions dictated by the actual world. In order to determine whether a 
sentence is true or false, the meaning and the relevant facts are vital; if the inferred meaning of 
a sentence corresponds with the relevant facts about reality, a statement can be declared as true 
(Kearns 2011: 8). Conversely, if a meaning of a statement is not compatible with reality, it gets 
assigned the truth value of being false. The following examples illustrate this quality of 
language. 
 (11) Elephants are mammals of great stature. 
 (12) John F. Kennedy lived a quiet and peaceful life after his presidency. 
Based on the facts which are known about reality, example (11) has the truth value of being 
true, while example (12) is false. Truth-conditional theories examine sentence meaning in terms 
of truth conditions, i.e. the required circumstances for a specific statement to hold the truth 
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value of being true (Kearns 2011: 10). For instance, the sentence John is a teacher is true if and 
only if the John in question is in fact a teacher.  Furthermore, Kearns (2011: 9) asserts that the 
actual world has no particular relationship with false statements and, therefore, is of no use in 
determining the meaning of false statements. 
As explained in the previous section, Davidson (1979: 39-41) argues that metaphors carry only 
the literal meaning of their components and that the truth value is, therefore, determined by the 
primitive literal meaning. This means that sentences which contain a metaphor are true or false 
in regard to the literal. He agrees with Kearns that the meaning of a sentence is dependent on 
its truth condition (Davidson 1967: 310-2). Davidson (1967: 315-7) articulates this as “as long 
as ambiguity does not affect grammatical form […] a truth definition will not tell us any lies.” 
This would necessitate a departure from figures of speech (op.cit.). The strongest argument is 
that literal meanings and literal truths can be assigned to words and sentences regardless of 
context (Davidson 1979: 31). 
Black’s (1979: 184-5, 190) response to Davidson states that metaphors do in fact imply truth-
claims through the metaphorical meaning, and that a metaphorical statement—of which only 
the vehicle is used metaphorically—is not intended to be interpreted literally. Metaphorical 
meaning is not inferable from the standard, literal lexicon (op.cit.). A failure to understand a 
metaphor is, therefore, not a failure to understand the literal meaning of the individual words 
(Davies 1984: 293). Despite this, Black (1979: 187) acknowledges that the peripheral presence 
of the literal meaning is necessary in order to recognize, derive and understand the metaphorical 
meaning and the corresponding truth. The ascribed commonplaces do not need to be true as 
long as they are readily and freely evoked (Black 1962: 40). This assertion about the peripheral 
presence of the literal meaning is central for the game-theoretical approach to metaphor 
semantics, which is elaborated on in the following section. Furthermore, the metaphorical 
meaning is attached to the words as a result of the specific context in order to deal with the 
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“endemic ambiguities” of words (Black 1979: 187). As the aforementioned analysis of 
metaphor in this paper suggests, context is the most important factor in understanding a 
metaphor. Thus, the truth of a metaphorical statement—or of any statement for that matter—is 
always relative to a given context (Lakoff and Johnson 1980: 165). Black (1979: 189) also notes 
Davidson’s inability to explain why metaphors are omnipresent in all domains of language 
use—including science and academia, where the truth value of a statement is vital for the 
general accuracy of the discipline (Davies 1984: 291). 
As metaphor’s previously defined function of catachresis—filling lexical gaps where existing 
vocabulary is inadequate—suggests, metaphors have the power to define sections of reality 
(Lakoff and Johnson 1980: 158). Therefore, it is possible to examine whether the statement fits 
the section of reality it is referring to, and through this process the truth value of the 
metaphorical statement can be inferred. It has been determined that metaphor is a primary tool 
for understanding, and, as stated above, in order to determine the truth value of a statement, we 
need to understand the section of reality it relates to (Lakoff and Johnson 1980: 37, 161; Kearns 
2011: 8). As a result, truth conditions are not only applicable to metaphors, but seem to be 
perversely dependent on them. Because, in essence, a metaphor is understanding concept A in 
terms of concept B, it only adds another dimension to the process of inferring information about 
reality. Lakoff and Johnson (1980: 177) assert that the only difference between the literal and 
the metaphorical processes of deducting truth values is that the former is a form of direct and 
immediate understanding and the latter involves indirect understanding. 
The general fallacy of Davidson’s argument is that it ignores the dynamic nature of language. 
Richards (1936: 32) showed that the stability of a meaning is directly related to the persistence 
of a specific context. Claims about truth values limited to the literal meaning assume that a 
word or phrase has a frozen meaning, which would render it a mere sign or a “ghostly platonic 
form” (Hesse 1993: 63). Davidson’s Tarski-like literal truth conditions underestimate the 
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capacity of the human brain to expand the perceived boundaries of standardized language. Thus, 
the literal understanding is a limited case of linguistic reality which captures only a fraction of 
the broader reality. Many of the aforementioned linguists and metaphor experts have alluded to 
the idea that metaphorical and literal meanings—with their respective truth values—might both 
be crucial factors in the structure of vivid and successful metaphors. The most rigorous of these 
approaches is Ohkura’s (2003) game-theoretical template for metaphor semantics. 
3.5. Metaphor in game-theoretical semantics 
Game theory is the study of strategic decision-making through mathematical models founded 
by John von Neumann (1944), and it is mainly utilized in the field of economics. Despite its 
formal roots, game theory has been applied to all facets of decision-making, which includes 
deriving metaphorical meaning out of language. Ohkura (2003: 1-2) presents a game-theoretical 
template, based on Richards’ (1936: 125) notion of metaphorical tension, as a substitute for 
such Tarskian truth-conditional semantics as proposed by Davidson, which interpret metaphor 
as a zero-sum game with only a literal meaning. First, the interactive tension between a 
metaphor’s tenor and vehicle—the literal and the metaphorical component—is extended to 
cover the interaction between the metaphorical and the literal meaning of the whole metaphor 
(Richards 1936: 96-7; Ohkura 2003: 6).  This is a very logical extension of the interaction 
theory. Similar to the previous analysis of metaphor theories, Ohkura (2003: 3-4) acknowledges 
that metaphors cannot be paraphrased without corrupting their unique meaning, and that a 
metaphor’s structure is not dependent on similarity—which actually is the source of a 
metaphor’s tension. It is also acknowledged that a successful metaphor can create new and vivid 
meanings (op.cit.). These theoretical assumptions act as the basis for the game-theoretical 
model. 
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Traditional models of game-theoretical semantics are constructed as a zero-sum game between 
a verifier and a falsifier; the former tries to assert that a sentence is true and the latter does the 
opposite (Ohkura 2003: 5). The winner of this zero-sum game is declared when the truth value 
of the sentence is determined. This truth value is determined by the literal meaning which acts 
as the strategic equilibrium of the game. Ohkura (2003: 5) modifies this approach by adopting 
Lewis’ (1969) definition of a coordination problem game with at least two equilibria. The 
players of this game coordinate their strategies so that a desired outcome is achieved. This 
model is applied to metaphor semantics, so that the two equilibria are the literal and the 
metaphorical meanings of a metaphor, and determining the desired meaning is the coordination 
problem (Ohkura 2003: 6). Figure 3.1 illustrates this game-theoretical template for a metaphor. 
  
Figure 3.1. Metaphor presented as a coordination problem between its meanings. 
The virtue of this approach is that it does not assume that the metaphorical meaning is 
automatically inferior to the literal as Davidson (1979) asserts. The presence of the two 
equilibria justifies the claim that a metaphor builds tension between the metaphorical and the 
literal (Ohkura 2003: 6). Richards (1936: 118) himself suggests that the presence of multiple 
meanings plays a part in arriving at the right meaning. In addition, this game-theoretical 
Coordination Equilibrium A:
         Literal meaning
Coordination Equilibrium B:
   Metaphorical meaning
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approach supports the conceptual notion that indirect, metaphorical understanding uses the 
resources of the direct, literal understanding (Lakoff and Johnson 1980: 117). Theoretically, if 
needed, this template could also be modified to include more than two meanings as equilibria. 
Importantly, Ohkura (2003: 6) states that this polysemous quality of a metaphor in itself does 
not determine which equilibrium—the metaphorical or the literal meaning—is the correct one. 
The winning equilibrium is based on convention, context, and domain of use, which fits the 
points of emphasis of the previously analyzed theories about metaphor structure and meaning. 
In a sense, the semantic stalemate between equilibria requires a pragmatic solution. A 
conventional, i.e. frequent equilibrium can be equated with Richards’ (1936: 11) notion about 
the persistence of a specific meaning which is ascribed to a metaphor. Thus, Ohkura’s game-
theoretical model for a metaphor only expresses the state of a metaphor’s meanings—a 
coordination problem—but does not specify which meaning is understood. 
The first hypothesis of this study states that, in regard to scientific metaphors, the equilibrium 
of the metaphorical meaning prevails, because, based on reality, a false truth value can be 
assigned to the literal meaning—which would be unintuitive in academic writing. This is 
supported by the notion that the falsehood of the literal meaning provides a capacity for 
metaphorical truth, i.e. it directs the focus to the metaphorical aspect (Davies 1984: 292, 295). 
Thus, context-based metaphorical truth is compatible with the literally false statement. Because 
it has been determined that a paraphrase cannot express an accurate metaphorical truth, the 
metaphorical meaning can only be attained indirectly through the literal falsehood. This 
negotiation between the metaphorical truth and the literal falsehood can be elegantly articulated 
as “the very brink of a misunderstanding” (White 1996: 51). If we can arrive at the metaphorical 
equilibrium based on the above process, the existence of metaphorical meaning is justified. 
Interestingly, if the hypothesis is proven to be accurate, Davidson’ claim about the patent 
falsehoods of the metaphors’ literal meanings becomes vital for attaining the metaphorical 
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meaning. The contrast between a true and a false literal meaning of a metaphor is evident in the 
following examples. 
 (13) No man is an island. 
 (14) Large-star explosions overwhelm those from their smaller and rarer
 brethren. 
The literal meaning of example (13) is true—no male representative of the human species is an 
isolated piece of land surrounded by a large body of water—while in example (14) it is false—
large-star explosions do not have siblings with whom they share biological parents. 
In addition, it has been argued that in science metaphorical meanings have a logical priority 
over the literal ones, because every traditional principle and definition of space, time, matter, 
and causality has been violated as modern physics—and science in general—has advanced 
(Hesse 1993: 50-1, 54). The literal occurs as a limiting case, and the aforementioned instability 
of a word’s meanings makes it possible to portray the multifaceted and ever-developing nature 
of reality through language (op.cit.). This is by no means a new sentiment: “ordinary words 
convey only what we know already; it is from metaphor that we can best get a hold of something 
fresh” (Aristotle 1410b). Many interpret the semantic instability as leading to an endless circular 
loop between rivaling meanings, but the game-theoretical template shows that the meanings 
actually settle into an equilibrium based on context, convention, and domain of use (Richards 
1936: 39; Hesse 1993: 57, 64; Ohkura 2003: 6). Thus, the instability of a meaning is not without 
rules. 
3.6. Psycholinguistic considerations 
While this study is not explicitly concerned with the psycholinguistic analysis of metaphors, it 
is one of the few subfields of linguistic inquiry which has focused on the relationship between 
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the literal and metaphorical meanings as a part of metaphor processing. Some psycholinguistic 
studies and theories dealing with metaphor meaning shed further light on the semantic aspects 
of metaphor which were presented in the above section, i.e. the role of the literal meaning and 
the game-theoretical template. The following is a brief overview of these perspectives. 
Yu (2011) reviews and analyzes some of the traditional understandings of metaphor 
comprehension as they relate to the literal and metaphorical meanings.  First, it is established 
that metaphor comprehension is an extremely fast process, which takes anywhere from a few 
hundred milliseconds up to a few seconds at the most, and that the reader arrives at the intended 
meaning based on pre-existing real-world knowledge and context (Yu 2011: 1614). The fact 
about comprehension speed is also reaffirmed by the neural theory of metaphor (Lakoff 2009: 
2).  This notion about metaphor comprehension lends further credence to the previously stated 
context-based nature of metaphor meaning. Second, the psycholinguistic argument between 
indirect and direct comprehension of metaphor is elaborated on, which provides an additional 
perspective in regard to the role of the literal in the comprehension process. It should be noted 
that this aspect was also briefly mentioned before as a part of the conceptual theory of metaphor, 
but Lakoff and Johnson’s understanding of direct and indirect is slightly different. They use the 
terms “direct” and “indirect” to refer explicitly to the literal and metaphorical, respectively, 
while in the psycholinguistic context they relate to the order of comprehension (Lakoff and 
Johnson 1980: 177; Yu 2011: 1615). Yu (2011: 1615) cites Rohrer’s (2007: 31-40) definition 
of the indirect psycholinguistic view which states that “the hearer seeks a metaphorical 
interpretation only after the search for a plausible literal meaning fails.” 
In contrast, the direct psycholinguistic view and empirical psycholinguistic studies on right 
hemisphere processing of language suggest that the literal and metaphorical are processed 
simultaneously and share much structure (Rohrer 2007: 31-40). The idea of the concurrent 
presence of the literal and the metaphorical and the fact that the literal does not automatically 
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rank first are closely related to the game-theoretical template presented in the previous section. 
Thus, the indirect psycholinguistic view is another substantiated blow against Davidson’s 
(1979) argument about the priority of the literal meaning. Yu (2011: 1616) concludes the paper 
by emphasizing the fact that both the direct and indirect psycholinguistic schools of thought are 
essential for linguists when researching metaphor processing. 
 In addition to the above, Glucksberg’s (2003: 92-6) analysis of the psycholinguistics of 
metaphor provides further confirmation to the above notions about the relationship between the 
literal and metaphorical meanings. According to his argument, literal and metaphorical 
meanings are understood with the same speed and the same level of automaticity by fluent 
speakers of idiomatic English, which means that literal meanings are not given semantic 
precedence (Glucksberg 2003: 96). The neural theory of metaphor also states that, as a part of 
an integrated circuit, the metaphorical and literal are activated and processed concurrently 
(Lakoff 2009: 17). He also provides further theoretical confirmation for the previously 
introduced idea that metaphors carry more rhetorical force than similes, because, in the case of 
metaphors, the properties of the metaphor’s components that are not usually true in isolation 
become prominent in the structure of a metaphor (Glucksberg 2003: 95). This supports 
Richards’ (1936: 97, 131) notion about the interaction between the tenor and the vehicle 
producing vivid figures of speech and bringing together facets of reality which do not normally 
interact. 
While most of the psycholinguistic analysis of metaphor is in accordance with this study’s 
theoretical foundation, Glucksberg (2003: 92) doubts whether literal falsehoods play an 
essential role in the comprehension process of metaphors, which relates to this study’s first 
hypothesis. His reservations about the presence of literal falsehoods can be resolved by using 
the above psycholinguistic conclusions. Because it is established that literal and metaphorical 
meanings are processed simultaneously, the theoretical presence of literal meanings—which 
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this study argues are systematically false in the domain of scientific writing—should not affect 
the theoretical efficiency of the comprehension process. Thus, the semantic disposition of 
scientific metaphors presented in figure 3.1 can be considered theoretically sound, and it does 
not violate the psycholinguistic finding that literal and metaphorical meanings are processed 
simultaneously. 
This study does not explicitly focus on how fast or efficiently scientific metaphors are processed 
and comprehended. This type of research belongs to the field psycholinguistics, which has 
already empirically proven that metaphors exist in the minds of individual speakers (Kövecses 
2002: 239). Instead, this study’s aim is to justify—by proving the accuracy of the first 
hypothesis—the existence of metaphors as a fundamental part of scientific discourse by 
showing, with the help of the game-theoretical template, that when analyzed in a linguistically 
rigorous manner, scientific metaphors do not display contradictions between the literal and 
metaphorical meanings, because only the metaphorical meaning can be considered true in the 
specific scientific context and, therefore, a semantic equilibrium is established. 
3.7. Wittgenstein’s family resemblance 
The theory of family resemblance provides a basis for recognizing deviation and tendency in 
terms of language and, more importantly, metaphor usage. While Ludwig Wittgenstein (1953) 
himself uses a plethora of metaphors in his argumentation, he has not explicitly examined the 
phenomenon of metaphor, but his ideas on language are easily extended to cover the trope. As 
with metaphor theories, context dependency of meaning, inadequacy of a specific literal 
meaning, and non-absolute resemblance between different subject matters are central in his 
writings. 
Fittingly, Wittgenstein (1953: §66) tends to frame his arguments about language and language 
use with the metaphor, or analogy of a game. Language use is metaphorically equated with a 
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language-game to illustrate how the meaning of language changes with use, just as the rules of 
a game change as the game changes (Wittgenstein 1953: §7). For instance, chess and checkers 
have different rules, just as the meaning of inflation is different in macroeconomics than it is in 
cosmology. Because there are a countless number of possible meanings, there is also an infinite 
multiplicity of language-games. An important point is that the referred rules of a language-
game do not form a closed class, but rather a family (Wittgenstein 1953: §54). Thus, the rules 
of language use should not be equated with the fixed rules of a game such as chess—it is a 
metaphor, not an explicit comparison. Language use is juxtaposed with a game based on 
absolute rules to emphasize both their similarities and dissimilarities, which is also a running 
theme of this paper (White 1996: 49). 
All games have something in common, but this does not mean that every game shares every 
aspect (Wittgenstein 1953: §66). Instead, the set of games displays a resemblance inherit to the 
whole unit. A closer examination of the individual games shows that similarities crop up and 
disappear, but family resemblance persists (op.cit.). It has been established that metaphors 
function by utilizing family resemblance (Rosch 1977: Lakoff and Johnson 1980: 123). This is 
best illustrated through an example. 
 (15) Words are the building blocks of language. 
By analyzing the metaphor in example (15), it can be stated that the tenor and the vehicle are 
similar in the sense that they are smaller units which are needed to form a bigger homogenous 
entirety—but, at the same time, they do not share the qualities of being a physical resource in 
civil engineering or conveying linguistic information. Words share certain qualities with a 
prototype of a building block, but not all of them. If a concept has all and only the characteristics 
of a prototype, it is used for the limited, literal purpose (Wittgenstein 1953: §68-9, §71). 
According to Wittgenstein (1953: §73), this is the exception rather than the rule and only a 
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sample of the possibilities of language. Thus, sufficient family resemblance—not absolute 
similarity—is the basis of a functional metaphor. This “eye for resemblance” is also 
incorporated into the tension theory of metaphor (Richards 1936: 89). In general, understanding 
is based on a concept’s family resemblance to the prototype of another concept (Lakoff and 
Johnson 1980: 126). 
This study does not aim to examine family resemblance within a metaphor in term of its 
components, because it has been covered in the above theory. Instead, it sets out to identify 
family resemblance among the thematic domains of the metaphors’ vehicles and to see whether 
it differs between natural sciences, humanities, and social sciences. In other words, the aim is 
to examine whether academic metaphors are related to each other in regard to their thematic 
domains and whether there are categorical boundaries between the academic disciplines. 
Lakoff and Johnson (1980: 165-6) assert that categorization is possible due to family 
resemblance. In addition, it has been established that a thematic domain, such as animals, 
warfare, human anatomy, and music, is distinguishable from a metaphor’s vehicle. The second 
hypothesis asserts that the metaphors found in the analyzed academic articles can be arranged 
into categories based on family resemblance. Furthermore, it argues that the thematic domains 
are distributed in such a manner that natural sciences, social sciences, and humanities have their 
own metaphorical tendencies. In essence, this claim means that within a scientific discipline 
there are thematic patterns when it comes to metaphor usage, and, more importantly, that the 
three fields of academia differ in terms of the thematic domains. In Wittgenstein’s (1953: §66-
7) terms, as the language-game changes from one academic field to another, so do the rules 
which dictate the tendencies of language use. 
If the second hypothesis holds true, it means that different scientific and academic fields have 
distinct patterns of language and, more specifically, metaphor usage. Conversely, if the findings 
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are similar across the disciplines, it can mean that metaphors behave similarly in different 
contexts. More interestingly, the results may also allude to the fact that the division between 
the relevant branches of science has produced different norms of scientific discourse, or, 
alternatively, that the division is not as absolute as previously assumed. Linguists have 
conducted a plethora of metaphor studies, which have identified metaphor usage in a number 
of different scientific contexts, which are presented in the following chapter.  
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4. Scientific metaphors and previous studies 
4.1. Metaphor’s role in science 
It has been established that metaphor is a vital tool in science and academia, because it facilitates 
learning, memory, and comprehension processes. Metaphor is just as integral a part in scientific 
theory as it is in poetry; the formulation of scientific theories, in fields such as biology, 
psychology, and linguistics, utilizes a consistent set of metaphors (Davies 1984: 291; Lakoff 
and Johnson 1980: 221; Kövecses 2002: 223). The previous chapter showed that the linguistic, 
conceptual, and neural theories of metaphor are all in agreement about the importance of 
metaphor in science (Richards 1936: 90-2; Lakoff and Johnson 1980: 268; Lakoff 2009: 31). 
The virtue of metaphor is its ability to capture and pin down abstract scientific thought with the 
limited resources of language: 
Metaphor lies in the heart of what we think of as creative science: the interactive 
coupling between model, theory, and observation that characterizes the 
formulation and testing of hypotheses and theories. None of the scientist’s 
brilliant ideas of new experiments, no inspired interpretations of observations, nor 
any communications of those ideas results to others occur without the use of 
metaphor (Brown 2003: 15). 
Because scientific discourse forms special language fields, it is assumed that field-specific 
metaphors are constructed in terms of the field’s physical, social, and cultural basis (Lakoff and 
Johnson 1980: 19-20; Cuadrado and Durán 2013: 1). This assumption would justify the 
presence of thematic variation between different academic fields. Moreover, a successful 
metaphor used in one scientific domain might seem preposterous in another (Black 1962: 40). 
As the context of a metaphor changes, so does the specific cultural and social frame of reference 
for the metaphor. 
Dead, i.e. constitutive, metaphors are plentiful in science and academia. Some argue that—in 
contrast to poetic metaphors—scientific metaphors are meant to die as soon as possible in order 
to eliminate perceived ambiguity from scientific information (Davies 1984: 301). It should be 
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noted that the status of dead metaphors does not diminish their importance as a part of 
language—it just makes metaphor analysis more challenging. 
4.2. Previous studies 
Cuadrado and Durán (2013: 1-3) have studied the role of metaphor in the fields of agriculture, 
geology, mining, and metallurgy. Their research acknowledges that dead metaphors have a 
constitutive role as a part of scientific thought and that metaphors are influenced by social, 
cultural, historical, and ideological contexts (op.cit.). The tension, or degree of metaphoricity 
between the tenors and the vehicles’ thematic domains is a point of focus in their study. They 
distinguish the thematic domains of human anatomy and physiology, family relationships, 
warfare, and plant life (Cuadrado and Durán 2013: 6-11). The study concludes that a high 
degree of tension, or metaphoricity is a feature of essential scientific metaphors (op.cit.). 
Darian (2003: 94, 100) has analyzed the function of metaphors in DNA research, which is a 
branch of biology and chemistry, and identified the thematic categories of war, hunting, family, 
and human relationships. Reeves (2005: 21-35) has researched the same fields of science, but 
has focused on the cellular biology of HIV and AIDS. Shea (2008) examines the rhetorical 
history of the gene as a molecular unit, and how the relationship between scientific realism and 
figurative language has developed as science has advanced. A very intriguing case of metaphor 
analysis is presented in Where Mathematics Comes From, which argues that mathematics is not 
as objective and literal as traditionally understood, but metaphorical “through and through” 
(Lakoff and Nunez 2000). 
As for social sciences, the structural differences between tenors and thematic domains of 
economic metaphors have been studied by Narayanan (1997), who also distinguished 
metonymous tendencies in the language of economics (Lakoff and Johnson 1980: 261). In 
Moral Politics, Lakoff (1996) demonstrates how metaphors differ along political party lines, 
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for instance, the theme of a strict father is present in conservative discourse, while liberal 
metaphors include the theme of a nurturing parent. Cienki (2005) has studied how these themes 
appeared in the debates of the American presidential election in 2000. Furthermore, war-themed 
metaphors are ubiquitous in all political discourse (Lakoff and Johnson 1980: 269). Winter 
(2001) has concluded that metaphors also play a central role in the legal reasoning process of a 
legal system. In his paper, Boers (1999: 47-55) analyzes metaphors usage in articles from The 
Economist, and Landau and Keefer (2014) examine metaphors as a part of political discourse 
addressing sociopolitical issues with a focus on notable political figures. Pullen (1990) provides 
a critical analysis of the role and appropriateness of physics-related metaphors as a part of 
economic theories. 
In the field of humanities, Backman (1991) has studied metaphors as a literary convention in 
short fiction. He concluded that, for example, war, religion, water, and light are among the 
relevant metaphor categories (Backman 1991: 120). Lakoff and Turner (1989) have determined 
that poetry utilizes a surprisingly stable selection of standardized metaphors, for instance, 
Shakespeare’s Sonnet 73 uses three basic metaphors. In contrast, Erussard (1997) has analyzed 
very specific instances of metaphor in religious writing—more specifically in the Gospel of 
Matthew. As for the field of philosophy, metaphor has been found to be inherent to the 
structures of philosophical reason used by thinkers such as Plato, Aristotle, Descartes, and Kant 
(Lakoff and Johnson 1980: 273). The noted philosopher Derrida (1974) has extensively 
examined the role of metaphor as a part of philosophy. 
As for the general tendencies of academic writing across disciplines, Hyland and Tse (2004: 
157) have researched metadiscourse in such academic contexts as electronic engineering, 
computer science, business studies, biology, applied linguistics, and public administration. 
Metadiscourse—which is defined as the set of linguistic resources which organize a discourse 
in terms of its content and the writer-reader relationship—is important to academic writing, 
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because it is connected to the norms and expectations of cultural and professional communities 
or contexts (Hyland and Tse 2004: 157, 175). They identified normalized variation between 
different academic fields in terms of transitions, frame markers, endophorics, evidentials, code 
glosses, hedges, boosters, attitude markers, engagement markers, and self-mentions (Hyland 
and Tse 2004: 172). In addition, Haase (2009) has examined the contrast between academic 
science texts and popular-science texts in regard to general linguistic tendencies and, more 
importantly, metaphor usage. Lastly, the most influential work addressing the divide between 
academic disciplines is Snow’s (1959: 2-4) The Two Cultures and the Scientific Revolution, 
which analyzes and criticizes the lack of communication and understanding in academia 
between scientists and literary intellectuals. It has been suggested that metaphor could be a 
viable instrument to bridge the academic gap, which would be mutually beneficial (Slingerland 
2008: xiii). 
The particulars of some of the aforementioned metaphor studies are elaborated on in more detail 
when they are compared with the findings of this study in section 6.4.  
39 
 
5. Data and methodology 
5.1. Data 
As established in chapter two, the database is compiled of scientific articles from academic 
journals, all of which deal with natural sciences, social sciences, or the humanities. Because, 
understandably, these academic disciplines are very vast and multifaceted, the database needs 
to be delimited in order to maintain focus. Thus, the articles have been chosen from specific 
representative subfields. The relevant subfield of natural sciences is astronomy; the social 
science articles deal with macroeconomics; and the field of humanities is delimited to applied 
linguistics. These subfields are distinct, but yet general enough so that they capture the overall 
nature of the larger branches of science. 
The articles must have been published in respected and peer-reviewed academic journals in 
order to ensure the academic integrity and accuracy of the text. This aspect is especially 
important in regard to the first hypothesis dealing with the metaphors’ truth values. The author-
related details were also checked to make sure that the articles were authored by distinguished 
experts from the relevant academic fields, i.e. Ph.Ds or doctoral candidates. As for the 
publication date, all of the articles have been published between 1.1.2011 and 31.12.2013, in 
other words, the study focuses on a three-year publication window. This relatively narrow 
timeframe was chosen in order to guarantee that the authors have a similar understanding of the 
state of their respective sciences. The delimited publication date also minimizes potential 
semantic ambiguities, which can arise when pre-existing terminology is extended and reapplied 
to keep up with the evolution and development of science and academia. 
The database was compiled using Google Scholar, which allows users to search for academic 
articles—both pay-for-access and free—using specific keywords and delimitations in terms of 
specific journals and publication dates. Most of the search results provide a direct link to a PDF 
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version of the articles, which can be easily copied and saved onto a hard drive. In some cases, 
the articles were accessed through alternative platforms, for instance, a number of the natural 
sciences articles are also accessible through the journal article repository arXiv, which provides 
easy and free access to the articles in question. Google Scholar also directly provides the 
publication information for each individual article, which made it easy and effortless to check 
whether an article fits the criteria of this study. 
The articles were searched for and selected by using specific keywords, which relate to each of 
the aforementioned subfields. Natural sciences articles were searched for by using the simple 
keyword “astronomy”. The keyword used for the humanities articles was “applied linguistics”, 
and articles dealing with the field of social sciences were selected by using the keywords 
“macroeconomics” and “macroeconomic”. As mentioned above, the publication date was 
specified in the search options as spanning from 1.1.2011 to 31.12.2013. The above keywords 
were not the sole criteria used for selecting the articles; all potential entries into the database 
were reviewed in order to make sure that they actually deal with the subject matters relevant to 
this study. 
The whole database is compiled of a total of 31 articles, out of which the first 11 are from the 
field of astronomy, the next 10 deal with macroeconomics, and the final 10 are articles focusing 
on applied linguistics. The total word count for the entire database is 199 755, so that the 
discipline-specific word counts for natural sciences, social sciences, and humanities are 73 828, 
68 233, and 57 694, respectively. The astronomy articles stem from journals, such as Science, 
Physical Review Letters, Monthly Notices of the Royal Astronomical Society, Publications of 
the Astronomical Society of Australia, The Astrophysical Journal, and The Astrophysical 
Journal Supplement Series. The articles dealing with macroeconomics have been published in 
one of the following journals: Journal of Banking & Finance, Applied Economics Letters, 
Nordic Journal of Political Economy, American Economic Journal: Macroeconomics, 
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Macroeconomic Dynamics, Ecological Economics, Journal of International Money and 
Finance, The Economic Journal, and Journal of Economic Literature. As for applied 
linguistics, the articles are from such publications as ELT Journal, Australian Review of Applied 
Linguistics, The Encyclopedia of Applied Linguistics, Annual Review of Applied Linguistics, 
Applied Linguistics, New Trends of Research in Ontologies and Lexical Resources, and The 
International Journal of Bilingualism. The complete list of the analyzed articles can be found 
in appendix B. 
5.2. Methodology 
After the articles were chosen using the criteria defined above, the individual word counts for 
the articles were determined. In order to carry out this task, all of the irrelevant information had 
to be removed from the texts. This included tables, figures, equations, and pictures, which 
leaves only the relevant body text. 
Following the process for determining the word counts, the actual analysis of the articles was 
carried out. All of the articles were analyzed rigorously in order to identify every single instance 
of metaphor. This was done by identifying the components of the metaphor—as defined by 
Richards (1936: 96) in the theoretical background chapter—which define the figure of speech 
in question. This process was the most challenging aspect of the analysis, because 
differentiating between literal and metaphorical usage has to be done on a case by case basis, 
and—as the results in the following chapter show—a number of scientific metaphors are very 
institutionalized, i.e. inactive, or dead. In order to identify an instance of metaphorical language, 
the literal, or primitive meaning needs to be established. Because this study hypothesizes 
against Davidson’s (1979: 29-30) argument about the supremacy and solitariness of literal 
language, definitions for the literal meanings were needed.  As for crucial methodological tools, 
this study relies on Oxford Dictionaries (accessed through www.oxforddictionaries.com) and 
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the Online Etymology Dictionary (www.etymonline.com) to explicitly specify the literal 
meanings of the words and terms which appear as a part of the metaphors. Any cases of 
deviation from these literal definitions were considered metaphors. In addition to the above 
sources, a number of economics, physics, and linguistics dictionaries were also referred to in 
order to determine the meaning of opaque field-specific terminology. The most important of 
these include The International Encyclopedia of Astronomy (Moore 1987), Oxford Dictionary 
of Economics (Black et al. 2009), and A Dictionary of Linguistics and Phonetics (Crystal 2003). 
In order to carry out the quantitative portion of the study adequately, the material was analyzed 
for metaphors on a word-for-word basis, meaning that every instance of a word being used 
metaphorically counted as a separate metaphor. This means that a single phrase or statement 
can contain a number of metaphors. This aspect of the data is elaborated on in more detail in 
the following chapter stating the results. The word-specific approach was chosen, in order to 
determine the accurate normalized metaphor frequencies based on the overall word counts. 
After identifying and highlighting all of the metaphors in the original PDF files, each individual 
metaphor was copied into a Microsoft Excel spreadsheet with the closest accompanying words 
with which they occur in the articles. Excel is the recommended platform when working with 
large amounts of metaphor data, because it has practically limitless capacity; it contains the 
needed statistical tools; additional information about the metaphors can be collected in adjacent 
cells in the spreadsheet; and tables, figures, and charts can be created with the software in an 
easy and quick manner (Maslen 2010: 181). Each metaphor was italicized to distinguish it from 
the accompanying words. The spreadsheet also denotes the specific articles from which the 
metaphors originate from, their truth values, and the thematic domains, all in separate columns. 
The absolute frequencies of metaphors for each of the articles and all of the three academic 
disciplines were calculated using the spreadsheet information. Likewise, the normalized 
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frequencies (per 1 000 words) were calculated in Excel using the previously determined word 
counts. These frequencies were then compiled into tables and figures. Figures showing the 
juxtaposition of absolute and normalized frequencies from the individual articles are used for 
all of the three branches of academia to illustrate the influence of different article-specific word 
counts. These can be found in the quantitative results section. 
The truth values were determined based on the primitive literal meanings, so that the analysis 
is in line with Davidson’s (1979: 29-30) controversial notion of a single, solitary, and superior 
literal meaning attached to each word. The literal meanings were defined using the dictionary 
sources mentioned above (Oxford Dictionaries and Online Etymology Dictionary). After this, 
each literal meaning of every metaphor was evaluated as having a truth value of true or false 
based on the conditions dictated by reality—with an emphasis on the scientific context of each 
of the articles. This study adheres to the principle of bivalence, according to which a statement 
has exactly one truth value which is either true or false (McKeon 2010: 32). This approach 
provides a practical way of dealing with possible ambiguous, speculative, and imprecise 
statements in the database. Understandably, determining some truth values may require 
subjective judgment calls, but as long as the analysis as a whole is carried out in a consistent 
and critical manner, no inconsistencies or contradictions will arise. In addition, the law of 
excluded middle (LEM), which states that either a proposition is true, or its negation is true, is 
of importance for this study (McKeon 2010: 53). The law of excluded middle acts as the 
theoretical justification for why the literal meanings of metaphors occurring in negation 
constructs were assigned true truth values. This approach, based on truth-conditional semantics, 
was required in order to test the accuracy of the study’s first hypothesis. The truth values were 
marked down in the aforementioned Microsoft Excel spreadsheet, so that they could be 
analyzed quantitatively. 
44 
 
The thematic domain for each individual metaphor was derived using a process of qualitative 
categorization. This process consisted of ascribing a specific thematic category for every 
metaphorical vehicle, as the metaphors were identified from the larger bodies of text. These 
categories were also added into the spreadsheet as their own column. A mental blueprint for 
possible thematic categories—which can include such domains as general reification, 
animation, human anatomy and physiology, and governance—was formed based on the 
aforementioned theories of metaphor, previous studies focusing on metaphor analysis, and 
intuitive deduction. 
Some of the categories could be considered as subcategories of each other, for example, a 
specific governance metaphor could also be interpreted as an animation metaphor. In order to 
avoid this dilemma of subcategorizing, this study maintains a categorization standard of detail 
priority; if a metaphor could be classified into more than one category, the category of greater 
detail was chosen. Grouping vehicle categories as specifically as possible is an important 
principle of rigorous metaphor analysis which makes it possible to identify systematicity in 
metaphor usage (Cameron et al. 2010: 118). This approach provides more qualitative 
differentiation, and, thus, also a richer foundation for the qualitative analysis. 
The thematic domains were determined to test the accuracy of the second hypothesis, which 
deals with family resemblance within the academic disciplines. It should be noted that 
throughout the rest of this study, the terms thematic domain and qualitative category are treated 
as synonymous concepts. Based on the categories, it is investigated whether different 
qualitative domains appear in different academic contexts. This is carried out in the following 
chapter. 
One of the most important source for thematic domains was Kövecses’ (2002: 16-20, 49) list 
of common source domains, which includes the human body, health and illness, animals, plants, 
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buildings and construction, machines and tools, game and sport, money and economic 
transactions, cooking and food, heat and cold, light and darkness, forces, movement and 
direction, and personification. Naturally, not all of the above categories were found in the 
database and some were slightly modified to suit the actual metaphors identified from the 
articles. Another central theoretical source of thematic domains, i.e. qualitative categories, was 
Goatly’s (1997: 48-9) book on metaphor analysis, which provides such relevant categories as 
clothes, liquid, weather, electricity, war, violence, vision and sound, and, finally, general 
reification, which is one of the most prominent ones. 
Lastly, in order to rigorously test the metaphor distributions and the accuracy of the second 
hypothesis, statistical analysis was needed. Before addressing the second hypothesis, it should 
be noted that the accuracy of the first hypothesis was not verified through statistical analysis, 
because a test with a suitable null hypothesis does not exist. Therefore, its correctness was 
determined based on percentages. The relevant statistical test for this study is the chi-squared 
test. It was used to examine whether there are statistically significant differences between the 
three academic fields and the individual articles in terms of metaphor frequencies. The 
significance level for the test is 0.05, which is the norm for linguistics research (Mäkisalo 2009: 
58). The result of the chi-squared test is considered significant when the p-value is less than 
0.05; highly significant when p≤0.01; and very highy significant when p≤0.001.  
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6. Results 
6.1. Quantitative results and analysis 
6.1.1. Absolute and normalized frequencies 
The following quantitative results illustrate how the individual articles differ in terms of 
metaphor frequencies within the academic disciplines. This subsection also includes 
comparisons between the disciplines, and the metaphorical tendencies of the database as a 
whole. Both absolute and normalized frequencies are stated in order to take into account the 
word count variation between articles and different disciplines. The results of the relevant 
statistical tests (chi-squared test) are presented as a part of the analysis. The quantitative section 
concludes with an examination of the truth values in regard to the first hypothesis. A table 
summarizing the quantitative results for all of the individual articles and the scientific branches 
can be found in appendix C. 
Figure 6.1 illustrates the metaphor distributions among the astronomy articles from the field of 
natural sciences. 
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Figure 6.1. Absolute and normalized frequencies for the individual natural sciences articles. 
From the above figure it can be seen that the absolute frequencies fluctuate between 25 (NS3) 
and 237 (NS9). If the word counts are taken into account, the normalized values (per 1 000 
words) range from 6.7 (NS4) to 16.7 (NS2). One factor which can explain the relatively large 
number of metaphors (both absolute and normalized) in NS9 is the frequent usage of highly 
institutionalized field-specific terminology. This pattern is evident in the following examples. 
 (16) That is, the occurrence of giant planets increases with increasing M⋆ over
 the range ∼0.3–1.9 M⊙. (NS9) 
 (17) […]to independently test planet population synthesis models[…] (NS9) 
 (18) Each Kepler target star has its own measured RMS noise level, CDPP. (NS9) 
In example (16), a large gas planet, which is not primarily composed of solid matter, is 
metaphorically equated with the large mythical creature. Example (17) relates planet 
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distribution to human inhabitance, while the uncertainty of measurements in astronomy is 
expressed through a sound metaphor in example (18). 
The chi-squared test performed on the natural sciences articles shows that the difference in 
metaphor frequencies between these articles is statistically very highly significant (χ²=64.37, 
df=10, p≤0.001). 
Figure 6.2 shows the absolute and normalized frequencies for the applied linguistics articles. 
 
Figure 6.2. Absolute and normalized frequencies for the individual humanities articles. 
In terms of absolute values, the humanities texts do not vary as much as the natural sciences 
ones, with  the low value of  28 (H2) and a high of 127 (H8). As for normalized frequencies, 
the values vary between 7.0 (H5) and 19.2 (H4), which is roughly in line with the natural 
sciences results stated above. 
As for statistical validation, a chi-squared test performed on the individual articles proved to be 
very highly significant (χ²=54.41, df=9, p≤0.001). 
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To conclude the article-specific analysis, figure 6.3 depicts the metaphor frequencies for the 
social sciences articles. 
 
Figure 6.3. Absolute and normalized frequencies for the individual social sciences articles. 
The absolute frequencies stated above fluctuate within the largest range compared to the two 
other disciplines, with a low of 34 (SS3) and a high of 275 (SS10). The variation in terms of 
normalized metaphor frequencies is also the most pronounced among the social sciences 
articles; the lowest normalized value is 6.7 (SS3) and the most metaphor-dense article (SS4) 
has on average 34.2 metaphors for every 1 000 words. Similar to NS9 in natural sciences, SS3 
seems to deviate from the other articles both in terms of absolute and normalized values. The 
relatively low frequencies can be explained with the article’s subject matter; it deals with 
modern econometric theory, which is a very straightforward and formal subfield of 
macroeconomics, meaning that there is very little room for semantic ambiguity or polysemy in 
the form of metaphors. The metaphors in this article are mostly related to reification and 
animation. 
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(19) This practice has led economists into various logical tangles. (SS3) 
(20) This follows directly from the theorem saying that a polynomial, with
 coefficients different from zero, cannot be identically zero for a general
 variation of the variables involved. (SS3) 
Examples (19) and (20) are instances of general reification and animation, respectively. As with 
the natural sciences and humanities articles, the result of the chi-squared test is very highly 
significant (χ²=129.99, df=9, p≤0.001). 
Table 6.1 states the aggregate absolute and normalized frequencies and word counts for all of 
the three different branches of academia, and also the aggregate totals for the entire database. 
Table 6.1. The aggregate absolute and normalized frequencies (per 1 000 words). 
  Absolute Frequencies Normalized Frequencies 
Natural Sciences:   73 828 Words 880 11.9 
Humanities:           57 694 Words 808 14.0 
Social Sciences:     68 233 Words 1 329 19.5 
Total:                   199 755 Words 3 017 15.1 
 
The aggregate absolute frequencies show that natural sciences (880) and humanities (808) have 
values approximately in the same range, while social sciences have clearly the highest 
frequency with 1 329 metaphors in total. In order to make the analysis more precise, the 
normalized values (per 1 000 words) were also calculated. These results display a clear 
hierarchy between the academic fields: the astronomy articles have the lowest normalized 
frequency at 11.9, followed by the applied linguistics articles (14.0), and the macroeconomics 
articles have the highest metaphor density with a value of 19.5. 
51 
 
As for statistical confirmation, the difference in metaphor frequencies between the three 
branches of science is statistically very highly significant (χ²=142.75, df=2, p≤0.001). 
The greater metaphor usage in the social sciences articles can be explained by the nature of the 
field’s institutionalized terminology. Based on the results, it can be seen that macroeconomics 
has a plethora of institutionalized and recurring metaphors. This is a clear indication of 
catachresis, which, as defined by Black (1962: 32), is the use of a specific word or phrase in a 
new sense and context to make up for the inadequacy of the existing terminology. It is easy to 
understand why catachresis would be a prominent occurrence in dynamic sciences, which 
develop at a much faster pace than the English language. The following examples depict some 
of the most poignant instances of institutionalized metaphors in macroeconomics. 
 (21) Yields and forward rates generally drifted higher over the 1970s and then
 reversed course over the last thirty years, following the general pattern of
 inflation and longer-run inflation expectations. (SS10) 
 (22) […]a consistent and more complete macroeconomic model of economic
 growth[…] (SS6) 
 (23) The national banks and consequently banks become hard-pressed for
 liquidity. (SS1) 
From the above examples it can be seen that the metaphors in question are highly 
institutionalized, or dead, which makes it hard for the average reader to identify them as 
metaphors. This does not mean that they are unsuccessful metaphors, but that the metaphors 
are successfully performing their important function of catachresis. 
In contrast to the high normalized frequency in social sciences, the equivalent aggregate value 
for the natural sciences articles is roughly half of that of their macroeconomic counterparts. A 
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reason for the relatively low metaphor density might be the fact that the field systematically 
strives for objectivity. Thus, linguistic ambiguity and semantic plurality might be avoided 
intentionally. Despite the relatively low metaphor frequency, there are a number of 
institutionalized metaphors in astronomy, which can be seen, for instance, from the 
aforementioned examples (16), (17), and (18). Interestingly, very vivid, or poetic metaphors are 
also present in the objectivity-obsessed field of astronomy, which is illustrated through the 
following examples. 
 (24)  An electromagnetic cascade induced by ultra-relativistic hadrons would be
 confirmed by coincident detection of neutrinos[…] (NS1) 
 (25) […]these objects represent the upper tail of the distribution of the
 LIR/LFUV ratio. (NS4) 
 (26) Within this decade the detection of gravitational waves (GWs) may be a
 reality, opening a completely new window on the Universe. (NS8) 
All of the above examples possess a very high degree of metaphoricity, or tension, meaning 
that the distance between the tenor and the vehicle is great. To illustrate this point, in example 
(25), an animal’s tail and infrared and ultraviolet luminosity ratio are two entities which are 
rarely literally associated with each other. Thus, the result is a very vivid metaphor. 
Applied linguistics is the middle group in terms of normalized metaphor frequencies (14.0), 
and these articles contain both institutionalized metaphors as a part of the field-specific 
terminology and vivid figures of speech to enrich the texts. 
 (27) He graphically but in my opinion wrongly describes the phenomenon as the
 ‘death of language’. (H3) 
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 (28) […]where difficulties, confusion, and complexities are not swept under
 the carpet. (H6) 
The metaphorical term used in example (27) has become a constitutive part of linguistics 
terminology, while example (28) relies on a more poetic metaphor. 
Finally, the absolute and normalized frequencies for the entire database are 3 017 and 15.1, 
respectively. The total size of the database is 199 755 words. From these results it can be derived 
that approximately 1.5 percent of the data consists of metaphors. 
6.1.2. Truth values 
The following subsection deconstructs the tendencies of the data with regard to truth-
conditional semantics. The distribution of the metaphors’ truth values—whether the literal 
meanings are true or false—is used to determine the accuracy of the first hypothesis, which 
states that the literal meanings of the metaphors have the truth value of being false, which can 
be used as the basis for establishing a semantic equilibrium. The literal meanings which are 
determined to be true in regard to reality are further analyzed through illustrative examples. 
Table 6.2 shows the distribution of the truth values within the different academic disciplines 
and for the entire database. 
Table 6.2. The truth values for the literal meanings of the metaphors. 
  True False Total 
Natural Sciences 33 (3.7 %) 847 (96.3 %) 880 
Humanities 23 (2.8 %) 785 (97.2 %) 808 
Social Sciences 6 (0.5 %) 1 323 (99.5 %) 1 329 
Total 62 (2.1 %) 2 955 (97.9 %) 3 017 
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It can be clearly seen from the above table that for the vast majority of the metaphors found in 
the articles, the literal meanings are false in regard to the conditions dictated by reality. In 
astronomy articles, there are only 33 metaphors with a truth value of true, compared to the 847 
literal meanings which are determined to be false. For applied linguistics the equivalent values 
are 23 true and 785 false, and in macroeconomics the contrast between true and false truth 
values is 6 to 1 323. As for the total numbers, out of the 3 017 metaphors only 62 have true 
literal meanings, while the rest 2 955 do not fit the conditions dictated by reality—rendering 
them false. 
The truth value distribution can be expressed more intuitively as only 2.1 percent of the literal 
meanings being true, while, when understood literally, 97.9 percent of the metaphors—the vast 
majority—are false. As for the division between natural sciences, humanities, and social 
sciences, the percentages of false literal meanings are 96.3, 97.2, and 99.5, respectively. The 
dominance of the false literal meanings in the whole database (97.9 percent) strongly supports 
this study’s first hypothesis, according to which, the literal meanings of the metaphors have the 
truth value of being false, which is the basis for achieving successful metaphorical meaning and 
establishing a semantic equilibrium. Because the result is extremely explicit when expressed as 
a percentage, no additional statistical tests are required. The consequences of this result are 
analyzed more rigorously later on in the discussion chapter. 
The nature of both true and false literal meanings is elaborated on in the following paragraphs 
through examples from the database. To begin with, the dominant false literal meanings are 
more straightforward and easily determinable, because a number of the metaphor types are false 
by their very definition. These include categories, such as general reification, animation, and 
personification, which are illustrated in the examples below. 
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(29) […]languages (and varieties of languages) change their shape and their 
social discourse functions[…] (H1) 
(30) […]then subject to some limits on the elasticity of taxes with respect to 
output. (SS8) 
(31) […]satellite instruments will have the potential to detect them. (NS2) 
(32) […]the economy suffers an accumulated fall in output of 2:8 percentage 
points over a horizon of 10 quarters. (SS9) 
(33) The following papers in this special issue suggest some ways that applied 
linguistics might respond to this challenge. (H6) 
(34) high-mass star begins its life in a dense core, which collapses and fragments 
to form one or more stars. (NS6) 
Based on the above, it becomes evident that, when understood literally, metaphors belonging 
to these categories are inherently unrealistic, make obvious logical contradictions, and generally 
fall outside the realm of actual possibilities. The same is true for all of the other metaphors 
which are assigned false truth values. 
The minority of metaphors with true literal meanings is very interesting and challenging to 
analyze and assess, but while they appear few and far between, some very intriguing patterns 
are observable. The first group of true literal meanings follow the textbook example of no man 
is an island, in the sense that they are constructed around negation. 
 (35) Thus, their sense of listening difficulty comes not only from not being able
 to catch the sounds or the words[…] (H2) 
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 (36) If the speech rate is too fast and the students cannot catch the words, they
 naturally get distracted and will be unable to continue to process the
 information. (H2) 
 (37) The speech signal may cause the hearer added apprehension since it
 cannot be touched or held[…] (H2) 
 (38) Contrary to many people’s expectations, CLIL is not a panacea. (H8) 
Because these metaphors built around negation can have both literal and metaphorical meanings 
which can be determined to be true in regard to truth-conditional semantics, they do not provide 
a pragmatic convention, through which the intended meaning can be derived. This aspect is 
elaborated on in the discussion chapter. It should be noted that, as defined in the methodology, 
these specific types of metaphors are closely related to the law of excluded middle. This 
principle states that either a proposition is true, or its negation is. Therefore, by turning these 
negations into affirmations, the literal statements can be rendered false. In a sense, this group 
can be considered a trivial one, because any false statement about reality can be assigned a truth 
value of true by turning it into a negation. In addition, these instances are very explicit and 
easily detectable. 
The next group of true literal meanings consists of very general or noncommittal statements, 
which can be assigned true truth values based on their ambiguity. There are also a number of 
speculative statements, which do not necessarily yet have the scientific backing to render them 
unambiguous. The following are examples of these. 
 (39) Perhaps a clear picture should not be expected[…] (NS2) 
 (40) Nikula noted that in the CLIL lessons the students had more room for
 active engagement[…] (H8) 
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 (41) […]that each item in each language is stored separately in the brain, which
 is a container with limited capacity. (H3) 
 (42) DM may be captured in large celestial bodies like the Sun [2] where
 self-annihilation to SM particles can result in a flux of high-energy neutrinos. 
These literal meanings are true to a much lesser degree than the aforementioned negation 
examples, which are very assertive and clear-cut. Nevertheless, because this study adheres to 
the principle of bivalence, these metaphors can be given true truth values. The next group of 
true literal meanings is a very controversial one, because it is tied to the theoretical assumptions 
related to the thematic field in question. 
This group of metaphors can be categorized as relating to mathematics, and the distinction 
between the metaphorical and literal interpretations depends on whether it is accepted that 
mathematical terminology can be used to make true statements when it is not explicitly 
connected to mathematical objects—more specifically, numbers. These multifaceted metaphors 
are illustrated below. 
 (43) […]investors have to back at least a fraction of their assets using their own
 funds (capital/net worth). (SS4) 
 (44) […]the fraction of target stars around which each detected planet could
 have been detected with SNR ≥ 10. (NS9) 
 (45) From this we can estimate the fraction of galaxies that is missed by a UV
 selection, compared to an IR selection. (NS4) 
According to the dictionary definition of fraction, it is “a numerical quantity that is not a whole 
number” (Oxford Dictionaries 2014). Thus, following Davidson’s (1979: 29-30) assertion 
about a single and solitary literal meaning, all of the above statements are metaphors, because 
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they are not explicitly referring to numbers. Whether or not these metaphors can be considered 
as true or false is a philosophical question, which relates to mathematical Platonism, 
nominalism, and fictionalism—all of which are far beyond the scope of this study. Thus, all of 
these schools of thought are assumed to be feasible possibilities and, therefore, both the literal 
and metaphorical interpretations of the above examples can be considered as being true. 
The remainder of the true literal meanings comes from very weak metaphors, in which 
relatively close tenors and vehicles are employed. These metaphors do not display a very high 
degree of metaphoricity, which can be seen from the following examples. 
 (46) […]several of which are in fact nicely articulated in Kilian and Vigfusson’s
 (2009) original analysis. (SS5) 
 (47) These were the dimensions that reach beyond the sentence level (i.e.,
 cohesion and coherence, discourse structuring, paragraphing, register awareness,
 genre, and style). (H8) 
In example (46), writing is metaphorically equated with speech, of which both are entities of 
the same relative order, and the result is a very subtle metaphor. Similarly, example (47) uses 
the category term for art and literature to refer to the general types of writing. These metaphors 
show similar tendencies to the noncommittal ones mentioned previously. 
The ramifications of these truth value-related findings—in regard to the first hypothesis which 
argues for a game-theoretical model for scientific metaphors’ semantic structure—will be 
spelled out in the discussion chapter following this chapter. 
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6.2. Qualitative results and analysis 
The qualitative analysis was carried out by grouping the various thematic domains into clusters 
which contain closely related categories. The nature of these different groupings is elaborated 
on below through exemplary metaphors from the database. The statistical analysis of the 
qualitative distributions is presented in the next section. The first qualitative group consists of 
general reification, animation, and personification. 
6.2.1. General reification, animation, and personification 
General reification means that something abstract or immaterial is given physical features and 
qualities to bring it into being or make it real. Animation and personification are closely related 
to general reification; the former grants inanimate objects subjectivity, while the latter attributes 
human nature and characteristics to the tenors. In general, all of these three categories consist 
of concretizing metaphors (Goatly 1997: 46).  The following are examples of these. 
 (48) Finally, targeted SZ observations are expanding our knowledge of the
 physics of the ICM[…] (NS7) 
 (49) The LAT is a pair-conversion telescope that observes photons[…] (NS1) 
 (50) […]where the question word ‘what’ and the vowel sound /i/ in ‘is’ are
 dropped. (H2) 
 (51) The connection was made very clearly before the notion of CLIL saw the
 light of day[…] (H8) 
 (52) Price rigidity. (SS9) 
 (53) […]and long-term yields declined, even as short-term interest rates
 climbed. (SS10) 
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It is very obvious that metaphors constructed in this manner are vivid, but at the same time 
perform the important task of effectively communicating the nature of central aspects of all of 
the different branches of science. For instance, in example (52), price rigidity is an important 
term used in macroeconomics to describe the failure of prices and wages to adjust to the 
equilibrium level. 
6.2.2. Human anatomy and physiology, interpersonal relationships, and family 
This combination of thematic domains is compiled from metaphors which relate to the human 
body, human interactions, and family life. Similar to the above metaphors, these vivid 
metaphors are present in all of the three academic disciplines. The following are representative 
examples from the database. 
 (54) […]and multiple, interacting planet embryos per simulation. (NS9) 
 (55) Namely, alignment of the main energy fluxes in a target (transverse) plane
 has been observed in families of cosmic ray particles. (NS10) 
 (56) Australia is caught in the grip of the monolingual mindset[…] (H3) 
 (57) On a more general pragmatic level, students’ tendency to adopt a very
 informal style of speaking has been noted as well. (H8) 
 (58) Furthermore, bank assets generally have a longer maturity and are less
 liquid than bank liabilities. (SS4) 
 (59) […]the data rather than is wedded to a specific structural theory of saving.
 (SS7) 
The prominence of human-related metaphors can be explained by the fact that, by 
metaphorically juxtaposing complex scientific subject matters with the very familiar themes of 
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the human body and family, the reader is provided with a relatable point of reference, which 
facilitates the comprehension process. In examples (54) and (58), the complex topics of 
planetary development and a financial instrument’s date of principal repayment are equated 
with the human life cycle. This makes it easier to understand the nature of these phenomena—
without having to comprehend the theoretical and technical details of the scientific fields in 
question. 
6.2.3. Animals and hunting 
The main function of animal and hunting-related metaphors is to capture the animalistic and 
potentially dangerous nature of specific scientific phenomena. Equating academic research with 
the tradition of hunting is an especially powerful figure of speech used to highlight the 
challenges and tribulations faced by academics and scientists as a part of their profession. The 
samples below depict the tendencies of this class of metaphors. 
 (60) […]with a non-Gaussian tail towards larger recovered radii. (NS7) 
 (61) The infalling material is captured in the Roche lobe of the i-th MBH with
 an average specific angular momentum J with respect to that MBH. (NS8) 
 (62) The Unfair Advantage Fallacy is perhaps the one most likely to detract
 from the harnessing and sharing of our language resources. (H3) 
 (63) […]thus stake out the perimeter of the concept of translation for that
 community. (H4) 
 (64) […]the government managed to ‘claw’ back in the five years following the
 onset of the crisis). (SS7) 
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 (65) These include financial intermediaries, liquidity traps, multiple interest
 rates, bubbles and quantitative easing. (SS2) 
As with the previously analyzed groupings of thematic domains, these animal-related 
metaphors are very vivid in nature, but, at the same time, there are instances of relatively 
institutionalized terminology. While example (64) utilizes a very poetic metaphor to describe 
the predatory nature of government, the codified terminology used in examples (60) and (65) 
displays the more subtle function of scientific metaphors. 
6.2.4. Food, cooking, fruit, and plant life 
Metaphors built around the notions of food and cooking provide a conceptual equivalent to the 
general scientific process, and emphasize the academic and the scientist as the proverbial cooks. 
In contrast, fruit and plant life metaphors have the same vehicle domain, but they present the 
specific academic subject matters as the points of focus. 
 (66) To overcome this drawback and the lack of deep IR data, it is common to
 use empirical recipes to correct UV for dust attenuation. (NS4) 
 (67) By comparing the observed giant branches to those for M92 (< [M/H] >=
 −0.6)[…] (NS5) 
 (68) Clearly, the emergence of stance and how it is operationalized in L2 writing
 deserves a more fine-grained analysis in future research. (H7) 
 (69) Separating out the demands stemming from the kinds of texts[…] (H4) 
 (70) We argue there are additional analytical “ingredients” necessary in order to
 arrive at a more complete economic analysis of climate change. (SS6) 
 (71) The pricing kernel is conditionally lognormal. (SS10) 
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From examples (66), (68), and (70), it can be seen that the emphasis of the metaphors is clearly 
on the scientific process, while the focus is specifically on the scientific phenomena in examples 
(67), (69), and (71). A number of metaphors belonging to this qualitative group could also be 
interpreted as general reification metaphors, but following the methodological guideline of 
detail priority established previously, these metaphors can be separated into their own grouping. 
6.2.5. Governance, legislation, and politics 
Metaphors dealing with different forms of official human interaction are abundant throughout 
the entire database. The thematic domains of governance, legislation, and politics are employed 
to impose figurative order onto the behavior patterns found among the phenomena which occur 
in the academic disciplines under scrutiny. Some of these classes can also be considered as 
subcategories of personification. The following governance, legislation, and politics metaphors 
are found in the articles. 
 (72) The GZK suppression is a remarkable example of the profound links
 between different regimes of physics[…] (NS2) 
 (73) We have identified candidate stars for the M33 RGB[…] (NS5) 
 (74) […]to gain a better understanding of the factors governing the
 communicative behavior of translators and the interaction between translators
 and their audiences. (H4) 
 (75) Overall the evidence is robust enough to warrant the verdict that CLIL
 definitely fosters spontaneous L2 speaking skills[…] (H8) 
 (76) […]we have been observing a different type of banking crises that are not
 necessarily connected to sovereign debt crises. (SS7) 
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 (77) The strong sustainability paradigm generally follows from the laws of
 thermodynamics. (SS6) 
In example (72), the different branches within the field of physics are described as 
governmental establishments, in order to emphasize the perceived boundaries within the 
discipline. In reality, the divisions within physics are defined by the physicists themselves. 
Thus, when the situation is deconstructed, the metaphor does not seem so inappropriate 
anymore, because both the actual governmental regimes and figurative physics regimes are the 
result of deliberate human intention. Some of the metaphors in this grouping have become 
highly institutionalized, such as the laws of thermodynamics in example (77). Example (73) 
illustrates the personifying nature of political metaphors in the context of astronomy, and the 
same pattern is identifiable in examples (74) and (76). It should be noted, that politics-related 
metaphors could also be interpreted as being a form of metaphorical interplay between the 
academic fields. This quality of certain metaphors is elaborated on in a later subsection. 
6.2.6. Military, warfare, and weaponry 
The figures of speech in this category are similar in nature to the governance ones above; by 
drawing on concepts from the domains of military, warfare, and weaponry, the discussed topics 
gain added order and authority, which in turn make the general scientific arguments more 
assertive. These military-related metaphors can be either very vivid or subtle, both of which are 
illustrated below. 
 (78)  After each spectrum was simulated the fit & error commands were then
 run in order to measure the best fit parameters given the signal-to-noise (SNR)
 of the spectrum. (NS8) 
 (79) The American dream infiltrates from youth, it is evident on television,
 school, culture and examples of government and politicians. (H7) 
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 (80) […]but might need to enlist the help of an English speaker to find the place,
 for example an English-speaking friend[…] (H10) 
 (81) […]the equation below describes how we calculate the index for a country
 for the year 2005 using demographic cohort size as share of the national
 population[…] (SS7) 
 (82) Furthermore, delayed adjustment may help in a contest of a war of attrition
 regarding who will adjust more. (SS7) 
Examples (78), (80), and (81) contain more subtle war-themed metaphors, while (79) and (82) 
rely on constructs which have a higher degree of poetic expressiveness. For instance, the 
metaphor in example (79) can be viewed both as an animation and a warfare trope, which results 
in a powerful figure of speech. While example (82) contains a highly idiomatic metaphor, the 
distance between the tenor and the vehicle—the fiscal discipline of economic agents and 
warfare—gives the statement rhetoric force.  
6.2.7. Infrastructure, construction, and housing 
This qualitative grouping is very prominent throughout the entire database, because metaphors 
related to general infrastructure, construction, and housing combine a number of qualities 
characteristic of the previously analyzed thematic domains. These metaphors can be reifying; 
they can link abstract tenors with vehicles which are an important part of everyday life; and 
they can also impose perceived order onto seemingly unruly and complex scientific and 
academic subject matters. The following examples illustrate these aspects. 
 (83) This conservatively demands that the photometric pipeline detect transits
 only during a single pointing of the telescope. (NS9) 
66 
 
 (84) Within this decade the detection of gravitational waves (GWs) may be a
 reality, opening a completely new window on the Universe. (NS8) 
 (85) On this basis, standards have been developed, in particular, the Lexical
 Markup Framework. (H9) 
 (86) In accord with the premises of this kind of learning theory, language itself
 is also conceived of as a process that is socially constructed. (H8) 
 (87) […]to achieve a macroeconomic reconfiguration and the current
 institutional and behavioral roadblocks preventing and it. (SS6) 
 (88) On the demand side, the increase in debt ceilings, brought about by bank
 competition[…] (SS1) 
Examples (86) and (87) highlight the reifying aspect of this category by granting the immaterial 
subject matters—language and institutional and behavioral reservations—physical qualities. In 
contrast, examples (84) and (88) utilize the familiar concept of a house to make it easier to 
comprehend the Universe and national debt limitations, which are very complex and 
multifaceted topics. 
6.2.8. Mechanics, machinery, and vehicles 
Metaphors classified as relating to mechanics and machinery are used to elaborate on the 
functions and inner workings of the tenors in question and also emphasize their subjectivity. 
The vehicle metaphors are especially prominent as descriptors of specific processes and 
causalities. Similar to the above category, this thematic domain can be reifying and animating 
in nature. These metaphorical tendencies are evident in the examples below. 
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 (89) Our ability to constrain the mechanisms that drive galaxy evolution[…]
 (NS4) 
 (90) The activity of the central engine that produces the blast wave is revealed
 by the keV[…] (NS1) 
 (91) Although some studies showed that CLIL students outperformed their peers
 in some morphosyntactic components[…] (H8) 
 (92) […]the initial norm steers the translator either toward preserving as much
 as possible of the original or toward producing a well-formed new text. (H4) 
 (93) Not only does the importance of the sovereign risk channel, therefore,
 depend on whether the central bank is constrained in steering interest rates[…]
 (SS8) 
 (94) […]the net worth of leveraged financial institutions. (SS4) 
The causality aspect of metaphors belonging to this category is illustrated in examples (89) and 
(92), while examples (90), (91), and (94) highlight the inner workings of the subject matters. In 
addition, the animating quality of this thematic domain is combined with the aforementioned 
aspects in examples (92) and (93), which contain very vivid metaphors. 
6.2.9. Competition, game, and gambling 
Metaphors relating to general competition, different kinds of games, and gambling are 
understandably plentiful in the database, because this theme produces metaphors which are very 
expressive and explicit, but, at the same time, fit very naturally into the academic contexts. One 
reason behind the category’s prominence is the fact that academia and academic research are, 
in reality, very competitive arenas when it comes things such as acquiring funding, getting 
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published, and gaining tenure. The instances below display the poignant use of these figures of 
speech. 
 (95) […] the previous record holder was GRB 090902B, with ∼200 photons (11).
 (NS1) 
 (96) Although controversy remains about how high-mass stars ultimately acquire
 their mass, either locally via ‘monolithic collapse’ or from afar via ‘competitive
 accretion’ (NS6) 
 (97) The process amounts, in Pierre Bourdieu’s terminology, to the acquisition of
 an appropriate habitus enabling the novice translator to become a player in the
 field. (H4) 
 (98) Essentially, speakers converge toward their interlocutors' frequency of
 feature use for certain variables; deviations from this pattern are usually explained
 by invoking the effect of a "referee." (H1) 
 (99) With risk premiums and international financial contagion being virtually a
 draw[…] (SS2) 
 (100) Delayed adjustment may be preferable as it entails the option value of good
 news (“gambling for resurrection”),1 and smoother adjustment may be less costly.
 (SS7) 
Example (95) deals with different telescopes’ ability to detect photons and treats the 
advancements in telescope technology as a competition with measurable and comparable 
performances, which is reminiscent of, for instance, track and field events. The other astronomy 
metaphor figuratively equates star formation with a contest. The first humanities example 
portrays translators and translation as players and a sport, respectively, while example (98) 
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refers to a participant in a discussion as a referee. Lastly, the macroeconomics metaphors regard 
the trading of financial instruments and international banking as a game with explicit outcomes, 
winners, losers, and omnipresent risks.   
6.2.10. Fine arts 
The metaphors classified as relating to fine arts have vehicles which touch on such subjects as 
literature, writing, music, theater, and general art. This grouping is a relatively concrete one, 
but, at the same time, it is still a considerable deviation from the above categories, because it 
focuses on aesthetic domains of human activity. The following are the most illustrative 
examples from the database. 
 (101) […]massive black hole (MBH) binaries (MBHBs) are expected to be among
 the primary actors on the upcoming low frequency stage[…] (NS8) 
 (102) Any characteristic electromagnetic signature would be therefore within the
 sensitivity range of current and future observation capabilities. (NS8) 
 (103) Like other state-of-the-art approaches that implement graph-based data
 models for linguistic corpora (H9) 
 (104) […]through a carefully orchestrated progression of tasks from oral to
 written. (H8) 
 (105) Monetary policy plays a key conditioning role, notably through its capacity
 to insulate private borrowing costs from fluctuations in sovereign risk premia.
 (SS8) 
 (106) Another commonality with Ecological Economics is the fact that Keynesian
 theory perceives the macroeconomy as the sum of collective social actors (SS6) 
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The two metaphors of the first example utilize theater as their vehicles to make a point about 
massive black holes, massive black hole binaries, and the detection of gravitational waves. The 
next example comes from the same article, but this time the metaphor is constructed around the 
themes of literature and writing. Example (103) from applied linguistics deals with general arts 
and in (104), the metaphor’s theme relates to music. Example (105) treats monetary policy and 
its application as theater, which could also be interpreted as having a hint of sarcasm, 
considering the lack of faith displayed toward financial and monetary policy during harsh 
economic times. The last instance is not a particularly vivid one, but can be classified as a fine 
arts metaphor based on the etymology of the word “actor”. 
6.2.11. Water and liquid 
The theme of water and liquid forms a very specific thematic domain, but, despite the 
particularity of this category, it is very prominent in the entire database. A vast number of these 
tropes are an institutionalized part of academic discourse, therefore, some of the following 
examples are not easily identifiable as metaphors, but, at the same time, they are rhetorically 
very rich. Thus, this category seems to combine the utility of catachresis while maintaining the 
poetic and expressive aspects of figurative language. 
 (107)  The photon index of GRB 130427A, ≈ −2, is similar to those found in
 calculations of electromagnetic cascades created when the γ-ray opacity of
 ultra-high energy[...] (NS1) 
 (108) Initially, the spacecraft would fly close together to detect Cherenkov light
 from upward-going neutrino showers [56] and then separate. (NS2) 
 (109) […]is to produce the effect of a spontaneous, fluent flow of words[…] (H1) 
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 (110) […]has indeed been found by Lo and Murphy (2010) for their Hong Kong
 immersion learners. (H8) 
 (111) […]measured in terms of factors akin to the borrowers capacity to offer
 collateral, such as net worth, liquidity, cash flows, etc. (SS9) 
 (112) Unless the economy manages to tap into the large amounts of energy the
 earth receives from the sun[…] (SS6) 
The above examples display the multifaceted nature of water-related metaphors; it is obvious 
that some of the terminology in these examples—for instance liquidity—is a very 
institutionalized part of academic discourse, but once this type of language is put under heavy 
scrutiny, the metaphorical richness becomes evident. 
6.2.12. Light, vision, and sound 
In contrast to the majority of the aforementioned categories, this group consists of vehicles 
which are not concrete or tangible; therefore, these metaphors provide an interesting contrast to 
the other categories, many of which contain a reifying, animating, or personifying quality. In a 
sense, the tenors and vehicles of this category are closer to each other in regard to the order of 
entities on a spectrum from concrete to abstract, but, at the same time, the components are still 
different enough to give the metaphors rhetorical potency. The following are instances of these 
unique figures of speech. 
 (113) The first blind detections of galaxy clusters through their Sunyaev
 Zel’dovich effect were reported by[…] (NS7) 
 (114) The flux distribution suggests the filtered map is dominated by Gaussian
 noise. (NS7) 
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 (115) […]the representation of what goes on in interviews is pervasively
 inadequate in ways that are both consequential for their analysis and for the
 transparency of that analysis[…] (H6) 
 (116) […]a fact that was echoed in CLIL teacher interviews[…] (H8) 
 (117) An accounting of the exact nature in which previous events cast a shadow
 into the future in financial markets remains, apparently, an open question in this
 case. (SS7) 
The themes of vision and noise are utilized in examples (113) and (114) to discuss the statistical 
phenomena characteristic of astronomy. In examples (116) and (117), the tenors—the 
tendencies of language usage and financial markets—are just as intangible as the corresponding 
vehicles. Despite this component proximity, it is obvious that the metaphors are still very vivid. 
6.2.13. Metaphorical interplay between the academic fields 
All of the aforementioned qualitative categories from the previous subsections appear to a 
degree in all of the three different academic disciplines under analysis—which is of importance 
in regard to the second hypothesis which deals with the metaphors’ vehicle themes in terms of 
family resemblance—but a very interesting pattern of metaphorical interplay between the 
disciplines can also be found in the data. This means that one of the disciplines contains 
metaphors which have vehicles from the other two disciplines, for example, vehicles related to 
language and economics can crop up in the astronomy articles. Thematic domains which come 
directly from the analyzed academic disciplines include physics and chemistry, electricity and 
electronics, language and speech, and money and business. It could be also argued that the 
category of politics from above could be included in this grouping, because it is almost 
exclusively present in the astronomy articles, and the fields of politics and economics are 
closely related and, in practice, very intertwined. On the other hand, it is also thematically 
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extremely closely related to the governance and legislation metaphors, therefore, both 
interpretations are feasible. This issue is more critical in relation to the statistical analysis of the 
qualitative categories, which is carried out in a later section. The following are instances of this 
type of metaphorical interplay. 
 (118) […]recorded by the Auger observatory in the South, it will be of great
 consequence for astrophysics even without knowing exactly how to translate
 from elongation rate to composition. (NS2) 
 (119) […]the astrophysical payouts will be greatly amplified by the coincident
 identification of electromagnetic counterparts. (NS8) 
(120) There were, however, dimensions of writing on which CLIL experience 
seemed to have little or no effect. (H8) 
(121) URIs can be used to refer to external resources such that one can thus import 
other linguistic resources “dynamically”. (H9) 
(122) The pre-crisis workhorse open-economy macroeconomic models mostly 
assumed frictionless global financial markets[…] (SS4) 
(123) […]which, in turn, translates into higher sensitivity of the market share with 
respect to the lending rate. (SS9) 
Examples (118) and (119) come from natural sciences, and they utilize vehicles which come 
from humanities and social sciences, respectively. The next two samples are from the applied 
linguistics articles with vehicles from physics and economics. Lastly, examples (122) and (123) 
deal with macroeconomics, but employ terminology from physics and linguistics in their   
metaphor structure. Thus, it seems that the seemingly separate academic fields can become 
intertwined through metaphors. 
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6.2.14. Other categories 
Understandably, in a database of 3 017 metaphors, there is a lot of room for variation in terms 
of the thematic domains. While the most prominent and important qualitative categories are 
analyzed above, there still is a plethora of other categories, which are not as prominent, but still 
occur systematically in the articles. These thematic domains include biology, cleanliness, 
purity, fabric, clothes, fantasy, magic, mystery, geography, journey, key, mathematics, 
geometry, medicine, picture, and professions. In addition, there is also a miscellaneous 
category, which combines a number of very specific thematic domains with only a handful of 
instances (less than five) in the database, and in many cases they do not occur in all of the 
scientific branches. This was done in order to eliminate some of these small and trivial 
categories, which do not fulfill the criteria for statistical analysis—more specifically, the chi-
squared test—which is addressed in more detail in the subsequent section. The miscellaneous 
category consists of such themes as general activity, air, flight, hair, minerals, container, puzzle, 
religion, weather, violence, and strength. A few metaphors from these additional categories are 
listed below. 
 (124) […]the policy rate arising from imperfections in the financial market due to
 asymmetric information in a model in which a competitive banking sector plays
 no significant role. (SS9) 
 (125) […]while increasing dramatically the contamination from foreground stars
 that occupy a similar locus in the CMD. (NS5) 
 (126) Finally, in October 2011, Greek bondholders agreed to a large debt
 exchange with an announced haircut of 50 percent. (SS4) 
 (127) Elves are part of the planet's electrical system. (NS2) 
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 (128) I suggest that Halliday’s (1993) language-based learning theory is one
 good starting point for this undertaking. (H8) 
Examples (124), (125), (126), (127), and (128) are representative samples from the qualitative 
categories of mathematics and geometry, medicine, hair, fantasy, and journey, respectively. 
Based on the qualitative analysis performed in this section and the individual examples, it seems 
that at least one or two scientific metaphors from different academic disciplines—natural 
sciences, humanities, and social sciences—can be found in the most prominent thematic 
domains. The second hypothesis of this study argues that the thematic domains of scientific 
metaphors differ between academic branches along the lines of Wittgenstein’s family 
resemblance. While the above analysis of the different qualitative categories and examples 
provides some understandable reasons why specific kinds of metaphor are used in specific 
scientific contexts, it does not provide a reasonable and rigorous basis for determining whether 
the study’s second hypothesis is true or false. Individual examples illustrate astutely the role of 
scientific metaphors, but cannot be used to determine anything conclusive about the entire 
database. Thus, to determine the accuracy of the hypothesis, statistical confirmation is required, 
which is achieved by analyzing the actual qualitative distributions. 
6.3. Statistical analysis of the qualitative categories 
In order to objectively determine the accuracy of this study’s second hypothesis, i.e. whether 
family resemblance can be identified in the metaphors’ vehicles, statistical analysis of the 
qualitative categories was carried out. First, table 6.3 compiles the metaphor frequencies with 
regard to the individual thematic domains, i.e. qualitative categories. The table lists all of the 
37 different qualitative categories, their absolute frequencies in the natural sciences, 
humanities, and social sciences articles, and the total frequencies for all of the categories. 
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Table 6.3. Metaphor frequencies for all of the qualitative categories. 
Category NS H SS Category Total 
Animals 14 37 3 54 
Animation 41 15 13 69 
Biology 19 7 27 53 
Cleanliness, Purity 14 1 4 19 
Competition, Game, Gambling 6 38 11 55 
Construction, Infrastructure 33 60 18 111 
Electricity, Electronics 2 0 97 99 
Fabric, Clothes 12 8 3 23 
Family, Relationships 21 15 15 51 
Fantasy, Magic, Mystery 46 1 0 47 
Fine Arts 16 77 46 139 
Food, Cooking, Fruit 19 6 29 54 
General Reification 19 78 245 342 
Geography 9 21 18 48 
Governance 30 30 107 167 
Housing 39 25 52 116 
Human Anatomy and Physiology 15 25 58 98 
Hunting 10 19 22 51 
Journey 23 6 13 42 
Key 9 19 33 61 
Language, Speech 2 4 4 10 
Legislation 52 6 10 68 
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Light, Vision, Sound 65 45 38 148 
Mathematics, Geometry 18 9 12 39 
Mechanics, Machinery 8 37 46 91 
Medicine 21 5 12 38 
Military, Warfare, Weaponry 16 18 19 53 
Miscellaneous 11 21 36 68 
Money, Business 5 42 1 48 
Personification 122 29 143 294 
Physics, Chemistry 1 35 33 69 
Picture 6 5 10 21 
Plant Life 7 6 8 21 
Politics 75 1 1 77 
Profession 27 12 5 44 
Water 33 32 90 155 
Vehicles 14 13 47 74 
Academic Branch Totals 880 808 1 329 3 017 
 
The nature of the categories was analyzed in the previous section through examples from the 
database; hence, this section focuses on the qualitative tendencies in terms of the frequencies. 
To begin with, it is obvious that the categories of general reification and personification are the 
most prominent ones with total absolute frequencies of 342 and 294, respectively. These two 
big categories are followed by governance (167), water (155), light, vision and sound (148), 
fine arts (139), housing (116), and construction and infrastructure (111). Thematic domains 
with around a hundred instances include electricity and electronics, human anatomy and 
physiology, and mechanics and machinery. The majority of categories have around 50 
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instances. There are a few groups, such as fabric and clothes, picture, plant life, and cleanliness 
and purity with approximately 20 instances. Lastly, the category of language and speech has 
only 10 metaphors; while it would have been possible to incorporate these metaphors into 
another category, for instance, the miscellaneous grouping, it was maintained as its own 
category, because the metaphorical interplay aspect between the three braches—which was 
analyzed through examples in the preceding section—is an extremely interesting feature of the 
scientific metaphors. 
The metaphorical interplay aspect—for instance, using physics and chemistry-related 
metaphors in applied linguistics and macroeconomics—explains why some categories have 
none or only a handful of metaphors from a specific thematic domain. Naturally, the 
terminology of physics is used literally in physics publications.  The physics and chemistry 
category has 35 metaphors in the humanities articles and 33 in the social sciences ones, but only 
a single one in the natural sciences articles. Similarly, electricity and electronics metaphors 
appear almost exclusively in the macroeconomics articles and, as expected, there are only two 
instance in the astronomy articles. Money and business are talked about literally in the field of 
economics, but in the other two instances they provide the vehicles for the metaphors. Likewise, 
the category of politics mostly occurs in the astronomy articles and draws from the field of 
social sciences. The previously mentioned language and speech category provides the basis for 
metaphorical interplay between applied linguistics and the other two fields. 
By looking at the category-specific distributions of metaphors from the three different branches 
of science, certain patterns become evident. For instance, competition, game, and gambling-
related metaphors are most prominent in the humanities articles; the theme of fantasy, magic 
and mystery is almost exclusive to the natural sciences articles; social sciences have an 
enormous number of general reification metaphors; and both astronomy and macroeconomics 
articles have distinctly more cases of personification than the applied linguistics ones. These 
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patterns are the relevant data to statistically test the accuracy of the second hypothesis, which 
argues that the thematic domains of academic metaphors differ between academic branches 
along the lines of Wittgenstein’s family resemblance. 
To test whether the three academic branches of natural sciences, humanities, and social sciences 
differ in a statistically significant manner in regard to the metaphors’ qualitative categories, a 
chi-squared test was performed. All of the categories have more than five instances in total, 
which makes the test valid. The test showed that the difference between natural sciences, 
humanities, and social sciences in terms of qualitative inclination is statistically very highly 
significant (χ²=1255.52, df=72, p≤0.001). This result means that the three fields are different in 
terms of qualitative metaphor usage, which means that the second hypothesis is true: different 
fields have their own metaphorical tendencies which can be explained by Wittgenstein’s theory 
of family resemblance. The consequences of this result are elaborated on in a more thorough 
manner in the subsequent discussion chapter. 
6.4. Comparisons with previous metaphor studies 
6.4.1. Natural sciences 
This section contrasts the metaphors found in this study with the results of previously conducted 
metaphor studies. All three of the relevant academic branches—natural sciences, humanities, 
and social sciences—are examined as their own subsections. Because there is not a substantial 
number of widely available metaphor studies which have taken a word-specific approach to 
metaphor analysis, which makes it possible to conduct rigorous quantitative analysis of 
metaphor frequencies, this section focuses mainly on comparing the aforementioned qualitative 
categories with those from other metaphor studies. It also touches on how some of the 
researchers view the role of metaphor in different sciences and academia. 
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The following examines some studies which have researched metaphor usage in different fields 
of natural sciences. Darian (2003: 94-103) has analyzed biology and chemistry texts focusing 
on DNA, and he identified certain qualitative categories, i.e. vehicle themes such as war, family 
and relationships, hunting, personification, animation, and reification. Some of the metaphors 
he found are listed below. 
 (129) Nitrifying bacteria attack ammonia or nitrite in soil and water. 
 (130) The daughter cells are released after they produce and secrete enzymes that
 dissolve the jellylike secretions holding the parent colony together. 
 (131) Adult forms move or capture prey by sending out pseudopods. 
 (132) For the products [of heat exchange] to attain this more stable state, energy
 must be liberated and given off to the surroundings as heat. 
 (133)  Complex interactions between the atmosphere, the oceans, and the land are
 the engines of the biosphere[…] 
The above are examples of war, family and relationships, hunting, personification or animation, 
and reification, respectively. A certain correspondence can be identified between the examples 
from Darian and this study’s astronomy metaphors based on analogous vehicle themes, for 
instance, examples (130) and (131) are very similar in nature to examples (55) and (61), 
respectively. 
Reeves’ (2005: 21-35) metaphor analysis deals with the cellular biology of HIV and AIDS, and 
the metaphors presented in her study fall into such qualitative categories as personification, 
mechanics and machinery, food, housing, language, and warfare. The following are instances 
of these, presented in the order of the previous list of metaphor themes. 
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 (134) The patients in this case are cellular proteins. 
 (135) The engine, protein n’, powered by ATP energy, is a helicase[...] 
 (136) Macrophages ingest foreign particles and eliminate them from body. 
 (137) When the viral protein gp120 binds to both a CD4 molecule and a
 chemokine receptor, […]a door to the target cell swings open 
 (138) But how is the alphabet arranged into the sentences (genes) that become
 expressed as proteins? 
 (139) All this time your body had been struggling against an unseen enemy. 
Again, a qualitative consistency among natural sciences metaphors can be recognized; 
examples (135) and (90) utilize the same engine metaphor, and instances (137) and (84) both 
are very vivid housing-based figures of speech. 
Related to Reeves’ study, Shea (2008) has studied the rhetoric of genetics and the gene, with a 
focus on figurative language. One very interesting aspect that Shea (2008: 82) concentrates on 
is the gay gene, which is a very intriguing case of metaphorical interaction between sexuality 
and scientific concepts. She provides the following examples. 
 (140) Yet the prospect of a gay gene raises the specter of eugenics. 
 (141) That suggested a gay gene of genes might be sitting on the X chromosome,
 which boys get only from their mothers. 
 (142) This doesn’t necessarily mean that a gay gene is hiding there. 
These figures of speech can be interpreted as belonging to the class of personifying metaphors, 
and they seem to treat the gene as a causal agent. Shea’s research also highlights the importance 
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of differentiating between literal and figurative in the domain of science, because 
misunderstandings can have real societal consequences—as was the case with the feared “gay 
gene”. 
Cuadrado and Durán (2013: 1-3) have studied the role of metaphor in such specified fields as 
agriculture, geology, mining, and metallurgy. Their study focuses on field-specific 
institutionalized terminology, therefore, whole sentences are not available, but individual terms 
and their categories are elaborated on in the following. Geology and mining-related terms such 
as “ore body”, “eye structure”, “floor limb”, “driving tongue”, “digger teeth”, and “jaw coupler” 
are classified as relating to the human body (Cuadrado and Durán 2013: 9). The same is true 
for agriculture and farm machinery vocabulary, with metaphors such as “throat valve”, “feeding 
plunger”, and “feed drain tank” (op.cit.). These metaphors can be viewed as also having a 
personifying aspect. 
Furthermore, the analyzed fields have institutionalized figures of speech with the themes of 
family and society, which include “rock family”, “native mineral”, “host rock”, and “allied 
rocks” (Cuadrado and Durán 2013: 10). The category of war, which is also prominent in the 
aforementioned studies, is generally a part of metaphors which relate to agriculture. These 
include, for example, “plant defense”, “invasive competition”, and “attack” (op.cit.). Lastly, in 
the field of electronics, there are a couple of very specific supernatural metaphors, namely, 
“ghost image” and “ghost pulse” (op.cit.). These two terms deal with unwanted radar signals 
caused by echoes. 
By comparing the above metaphors with instances from this study’s database presented 
previously in this chapter and especially the qualitative frequencies from table 6.3, it becomes 
evident that, within the field of natural sciences, metaphors from different studies seem to be 
constructed based on similar qualitative themes. This lends further credence to the fact that the 
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field of natural sciences has distinct tendencies for language and metaphor usage, which can be 
justified based on Wittgenstein’s notion of family resemblance. 
6.4.2. Humanities 
This subsection consists of metaphor studies focusing on humanities-related topics. The 
following academic works investigate which kinds of functions metaphors fulfill and their role 
in fiction, poetry, religion, and philosophy. The first relevant study is Backman’s (1991: 100-
20) analysis of metaphor usage in Stephen Crane’s short fiction. The metaphors he identifies 
relate to such themes as water, war, light, religion, and reification. These are illustrated below. 
 (143) The plains were pouring eastward. 
 (144) They gazed with their silly eyes at the war that was waging above them. 
(145) The room was still lighted with the anger of men. 
 (146) A guest under my roof has sacred privileges. 
 (147) The wind tore the words from Scully’s lips and scattered them far. 
Backman’s (1991: 141) aim was “to unite current views of metaphor in linguistic theory with 
the practice of text interpretation”. His conclusion about metaphor usage in Crane’s short fiction 
is that it is used to signal to the reader the power and purpose of the human condition, while at 
the same time depicting the inevitable irrationality and absurdity of human life (op.cit.) The 
general conclusion about the role of metaphor—in fiction and otherwise—is that understanding 
is linked to language, meaning is created through metaphors, and, finally, people—poets, 
writers, or otherwise—are the givers of meaning, i.e. homo significans (Backman 1991: 146). 
While the same qualitative categories from Backman’s research appears in this study’s 
humanities articles to a certain degree, the tenors—the items or ideas which are being described 
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metaphorically—are extremely abstract or even ambiguous. For instance, human emotions are 
among the most common tenors in Crane’s writing. In contrast, the tenors from applied 
linguistics metaphors can occasionally be abstract linguistic concepts, but definitely 
unambiguous—which is naturally a basic requirement of scientific and academic writing. In 
fiction, a level of intended ambiguity introduced through metaphors can be used intentionally 
as a stylistic tool. 
In More than Cool Reason, Lakoff and Turner (1989) examine the general metaphorical 
tendencies of poetry. They utilize the conceptual theory of metaphor, and distinguish such 
source domains, i.e. thematic domains of the vehicles in Richards’ (1936: 97) terms, as plants, 
journey, personification, and reification (Lakoff and Turner 1989: 6, 9, 15, 25). The following 
examples are from various different pieces of poetry. 
 (148) My way of life is fallen into the sere, the yellow leaf. 
(149) In the middle of life’s road[…] 
 (150) He [Death] takis the knichtis in to field. 
 (151) All our life is a continual burden, yet we must not groan. 
In example (148), life is equated with plant life and (149) treats it as a journey, the next one 
uses a very vivid personification metaphor about death, and example (151) depicts life as a 
physical burden. Because a number of this study’s qualitative categories are based on Lakoff 
and Johnson’s (1980), naturally, there is a qualitative correspondence between this study and 
that of Lakoff and Turner. Like in Backman’s study, the tenors in Lakoff and Turner’s analysis 
are very abstract in nature. This is understandable in the domain of poetry. Lakoff and Turner 
(1989: 214-5) conclude their study with the acknowledgements that poetic metaphors are not 
mere ornaments, but deal with “indispensable aspects of our conceptual systems”, and that all 
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metaphors lead to new and important ways of conceiving the world. Thus, the omnipresence of 
metaphor in academic writing—which this study’s results have clearly shown—is just as 
expected as its omnipresence in poetry. 
In contrast to the two aforementioned studies which deal with fiction and poetry, Erussard 
(1997) has examined the role of metaphor in religious writings. His study is interesting, because 
it focuses exclusively on the expression “you are the salt of the earth”, which is traditionally 
credited to Jesus (Erussard 1997: 198). As for the theoretical framework, the study relies on the 
works of Lakoff, Johnson, and Turner, which are also a major part of this study. Unsurprisingly, 
Erussard emphasizes the fact that biblical scriptures—and religious texts in general—are 
extremely metaphorical to begin with and provides the following poignant examples. 
 (152) Atman is Brahman. 
(153) God is love. 
(154) You are the salt of the earth. 
(155) The whole creation wept. 
Example (152) is a foundational metaphor from Hinduism, example (153) is a very recognizable 
figure of speech from contemporary Christianity, and (155) is very powerful personifying 
metaphor concerning the crucifixion of Christ. Example (154) is the focus of Erussard’s study 
and it is from the gospel of Matthew. The salt metaphor is a figurative reference to the apostles 
(Erussard 1997: 200). He hypothesizes that this practical food-related metaphor originates from 
the Jewish community during the first century, and it uses salt as the thematic domain, because 
during that period a number of the disciples were fishermen, which makes the reference to salt 
“a very concrete field of ontological experience” (op.cit). The metaphor can also be interpreted, 
so that the apostles are the metaphorical salt which is preserving the teachings of Jesus. Erussard 
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(1997: 208-9) concludes the study by stating that metaphor analysis of religious texts reveals 
their surprisingly political nature; ultimately, the religious metaphors rely on powerful mythic 
imagery and they are grounded based on a shared bodily and experimental basis in order to 
facilitate understanding. Lastly, it should be noted that in the domain of religion and religious 
texts, differentiating between what is metaphorical and what is literal is, understandably, 
challenging. 
While food-related metaphors are not abundant in this study’s database, some very vivid ones 
are used in the applied linguistics articles, which are illustrated below. 
 (156) Clearly, the emergence of stance and how it is operationalized in L2 writing
 deserves a more fine-grained analysis in future research. (H7) 
 (157) From a technological point of view, the main ingredients are already in
 place, in particular RDF and OWL. (H9) 
 (158) […]translation caters from normative expectations specific to translation is
 problematic because translations are never just translations. (H4) 
Like the religious metaphors analyzed by Erussard, the above food-related instances of 
figurative language provide very concrete and easily-relatable vehicles for rather specific 
linguistic concepts in order to facilitate comprehension. 
To conclude the analysis of humanities-related metaphor studies, Derrida (1974) has conducted 
a very rigorous examination of the function of metaphor in philosophy. To begin with, he states 
that “metaphor remains in all its essential features a classical element of philosophy” (Derrida 
1974: 18). Derrida’s analysis mostly sticks to a purely theoretical track of argumentation, but 
he also provides some vivid examples to illustrate how metaphors and figurative language in 
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general are used to illuminate complex philosophical subject matters, such as existence, 
knowledge, reason, and reality. 
 (159) One day all that will be of just as much value, and no more, as the amount
 of belief existing today in the masculinity or femininity of the sun. 
 (160) When we speak of the light of the mind[…] 
 (161) The blood is the pasture of the flesh. 
 (162) For I cannot doubt that which the natural light causes me to believe to be
 true, as, for example, it has shown me that I am from the fact that I doubt. 
 (163) […]by the close of day man has erected a building constructed from his own
 inner Sun. 
 (164) Metaphor is menacing and foreign to the eyes of intuition. 
The personifying sun metaphor of the first example comes from Nietzsche; the next one is from 
Plato, and it utilizes a land-related metaphor to describe human physiology; example (162) was 
uttered by Descartes and it has light as the vehicle theme; and example (163) from Hegel, in 
contrast to the first example, uses a sun metaphor to talk about humanity. Interestingly, the last 
one of the above examples comes straight from Derrida’s actual text, which shows how 
unavoidable metaphor is as a part of the language of philosophy. Unsurprisingly, metaphors in 
philosophy are used to address very abstract theoretical concepts, which require familiar 
vehicles to facilitate the comprehension process. Table 6.3 shows that personification, light, 
and human body-related metaphors are also prominent in the applied linguistics articles. For 
instance, example (115) is constructed around a light-themed metaphor, while the metaphor in 
example (56) relates to human anatomy. 
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While the above metaphor studies focus on humanities subfields which are distinctly different 
from applied linguistics—which is understandable considering how diverse the field of 
humanities is—by comparing the above examples from other metaphor studies with the 
qualitative results presented in sections 6.2 and 6.3, a degree of qualitative correspondence can 
be detected among the various humanities studies. 
6.4.3. Social sciences 
Lastly, this subsection takes a look at some previous metaphor studies focusing on social 
sciences-related topics. The analyzed studies examine subject matters closely related to the 
broader themes of economics and politics. In his paper, Boers (1999: 47-55) examines how 
metaphors are used in articles from The Economist during a period of ten years. He has 
identified all instances of metaphor from the articles, but especially focuses on metaphors with 
health-related source domains, i.e. vehicles. In addition to his own findings, he presents a 
number of poignant examples to illustrate how metaphors are used to structure economic 
phenomena and policies. The following come from Boers’ paper. 
(165) Economic paralysis. 
(166) Amputating unprofitable departments. 
(167) Living under the umbrella of the welfare state. 
(168) Invading foreign markets. 
(169) Lagging behind in economic development. 
(170) The exchange rate mechanism. 
The first two examples are instances of the specific health-related metaphors Boers focused on, 
and, while this study does not have a specific qualitative category of health, by looking at table 
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6.3, it can be seen that the category of human anatomy and physiology—which is very closely 
related to Boers’ theme of health—is extremely prominent in the macroeconomics articles. 
Examples (167), (168), (169), and (170) are instances of reification, warfare, competition, and 
mechanics, respectively. Again, by consulting table 6.3, it becomes evident that the 
macroeconomics articles of this study and the ones used in Boers’ research display substantial 
qualitative correspondence. In addition, the above examples can be compared with individual 
social sciences metaphors presented in section 6.2—for instance, examples (52), (53), (82), and 
(94)—to see the correspondence between economics metaphors from different sources with 
similar vehicle themes. 
In their paper, Landau and Keefer (2014) examine the power of metaphor as a part of political 
discourse addressing sociopolitical issues. They provide examples from their own and from 
others’ previous studies, but also analyze statements from some of the most powerful political 
figures from recent history, for instance, Martin Luther King, Winston Churchill, Barack 
Obama, Ben Bernanke, Al Gore, and Richard Nixon (Landau and Keefer 2014: 3, 18). Some of 
these are illustrated below. 
 (171) If the…economy is able to sustain a reasonable cruising speed, we will ease
 the pressure on the accelerator by gradually reducing the pace of purchases. 
 (172) Junkies find veins in their toes when their arms and legs go out. We are now
 at a point where we are going after dangerous and dirty fuels. 
 (173) The NASDAQ started climbing upward. 
 (174) The economy is veering off course. 
 (175) The U.S. experienced a growth spurt. 
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In example (171), the Chairman of the Federal Reserve, Ben Bernanke, metaphorically equates 
the American economy to a vehicle. Example (174) utilizes a similar vehicle domain. The 
extensive metaphor in (172) comes from Al Gore, who compares fossil fuel dependency to drug 
use through a human body-related figure of speech. Likewise, example (175)—which is from 
a study examining how people perceive metaphors dealing with immigration—is built around 
a personifying and human anatomy-related metaphor. In addition, Landau and Keefer (2014: 7, 
18) show how the War in Afghanistan is treated as a game in the media, and, conversely, how 
Richard Nixon’s “war on drugs” frames illegal drug regulation with a powerful and vivid 
warfare metaphor. Landau and Keefer (2014: 19) arrive at the conclusion that political 
metaphors can help to understand public policy and provide new points of view for abstract 
social issues. Their findings about how metaphor relates to learning and comprehension are in 
line with similar notions established previously in this study. 
Pullen (1990) has conducted a thorough analysis of the necessity of metaphor in economics, 
with a focus on metaphors constructed around concepts from physics. He acknowledges the 
abundance of metaphors in historical and current economics discourse, but, at the same time, is 
critical of unnecessary implementation of colorful metaphors to validate unsound economic 
theories (Pullen 1990: 45-7). Pullen provides the following examples to show how prominent 
figurative language is in economics. 
 (176) Political economy is colliquative diarrhea of the intellect. 
 (177) Ricardo shunted the car of economics onto the wrong track. 
 (178) Economics is an engine for the discovery of concrete truth. 
 (179) Society should not drift rudderless upon the sea of competition. 
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 (180) Employees and employers are the privates and the officers of the economic
 army. 
The above metaphors display very similar qualitative categories—such as human anatomy and 
physiology, vehicles, mechanics and machinery, and warfare—compared to the other studies 
presented above and the findings of this study. Pullen (1990: 37) also points out the 
metaphorical origins of institutionalized economics terms such as “investment” and “inflation”. 
While it is stated that the role of metaphor in economics is to conceive, clarify, and reinforce 
ideas, Pullen (1990: 47) reminds the reader that metaphors—especially those which borrow 
from other scientific disciplines—are also used as a last resort to get a point across when no 
rational arguments are available. For instance, the term “the trickling down effect” is used to 
argue for supply-side or profit-led theory of growth, because it is known that water always 
flows downward. Thus, while this study has shown that interdisciplinary metaphors (see 
subsection 6.2.13) systematically appear in scientific writing, they should be read as critically 
as any other part of scientific text. 
Lastly, Cienki (2005: 1-4) has analyzed how specific metaphors were used by George W. Bush 
and Al Gore during the debates of the United States presidential election in 2000. His study is 
built around Lakoff’s (1996) Moral Politics, which establishes how metaphor usage in 
American politics differs along political party lines. More specifically, the theme of a strict 
father (SF) is a central component of conservative discourse, while liberals rely on nurturing 
parent (NP) metaphors (Cienki 2005: 3). These are the specific types of metaphors which Cienki 
sets out to identify from the debates. What sets his study apart from the other studies examined 
above is that it is one of the few widely available metaphor studies which contains a quantitative 
component. 
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The corpus compiled of three different debates consists of approximately 41 000 words, and it 
contains a total of 48 SF or NP metaphors which were exactly identical to the ones defined in 
Moral Politics (Cienki 2005: 5).  The republican candidate, Bush, used more SF metaphors than 
Gore (22 to 5), while Gore used more NP metaphors (14 to 7) (op.cit.). These are in line with 
Lakoff’s (1996) notions about American political discourse. In addition to the exact 
equivalents, there were also a large number of entailment metaphors (376 SF and 462 NP) 
which were closely related to the ones defined by Lakoff (1996). Based on these results, Cienki 
(2005: 6) hypothesizes that the whole corpus might contain approximately 4 510 metaphorical 
expressions in total, which means 11 percent of the data. 
This number is considerably higher than the equivalent value for this study’s social sciences 
articles (1.95 percent). A reason for this discrepancy could be, in contrast to the written articles, 
the spontaneous nature and spoken form of the debates. Furthermore, the candidates were 
addressing the whole American population, while the macroeconomics articles are aimed 
specifically toward distinguished economics experts and academics. Therefore, the candidates 
might have felt that they can make their political topics more digestible and relatable with the 
help of metaphors. Conversely, it is also possible that they were using figurative language 
completely unintentionally, effortlessly, and intuitively—as has been argued in this study’s 
theoretical framework. Unfortunately, more quantitative comparisons of this kind are hard to 
conduct, because of the lack of metaphors studies with frequency-based methodological 
approaches. 
In its entirety, this section, which focused on comparing this study’s findings with that of 
previous ones, has shown that a degree of qualitative correspondences can be detected among 
metaphors which appear in similar contexts, which in this case are the three academic branches 
of natural sciences, humanities, and social sciences. While not as rigorous as the statistical 
analysis of the qualitative categories conducted in the previous section, this comparative 
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analysis provides further support for the notion that natural sciences, humanities, and social 
sciences metaphors have similar thematic natures within the fields, but display distinct 
qualitative inclination from each other—as confirmed by the chi-squared test.  
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7. Discussion 
Based on the overall above analysis, it becomes evident that metaphor is a central and important 
aspect of scientific and academic discourse. The ubiquitous figure of speech is not only a poetic 
intensifier, but, more importantly, a powerful tool used to combat the inevitable inadequacy of 
standard language. The quantitative analysis shows that metaphor is a constitutive part of all 
scientific and academic writing, but, at the same time, there are quantitative differences between 
the three branches of science.  Based on the normalized frequencies, the social sciences articles 
chosen for this study display the highest metaphor density, which are followed by the 
humanities and natural sciences articles, respectively. This quantitative variation can be 
explained by the dynamic nature of the different fields and the needs and tendencies of the 
disciplines in terms of catachresis, polysemy, and poetic expression. This finding was also 
further supported by the results of the statistical tests that focused on the metaphor frequencies. 
Furthermore, the integral role of scientific metaphor is supported by the vast amount of inactive, 
or institutionalized metaphors scattered within the articles, which further highlights how 
unavoidable figurative language is, even in disciplines, such as natural sciences, which put an 
emphasis on perceived objectivity and the elimination of ambiguity. 
The general findings support the theoretical notions, according to which metaphors are 
“inevitable and necessary to science”, and that all aspects of academic research as a part of 
creative sciences—whether it is models, theories, or observations—are constructed and 
communicated through metaphors (Hoffman 1980: 406; Brown 2003: 15). Thus, it seems that 
the results of this study, with the aforementioned theoretical assumptions, reinforce the notion 
about the necessity and virtue of scientific metaphor. 
The first hypothesis of this study states that the literal meanings of the metaphors have the truth 
value of being false, which is the basis for achieving successful metaphorical meaning and 
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establishing a semantic equilibrium. The quantitative findings—according to which 97.9 
percent of the metaphors’ literal meanings are false in regard to truth-conditional semantics—
strongly support this hypothesis. The consequences of this result are best illustrated through a 
pair of contrastive examples from the database. 
 (181) Thus, their sense of listening difficulty comes not only from not being able
 to catch the sounds or the words[…] (H2) 
 (182) We follow the streams down to the sink radii of the two black holes and
 monitor the particles that are swallowed by the MBHs and bin them according
 to the timestep when they were swallowed. (NS8) 
As determined previously, the literal meaning of the metaphor in example (181) can be assigned 
a truth value of true; it is indeed true that you cannot physically catch or grab sounds or words, 
because they are intangible. In contrast, the literal meaning of the animation metaphor used in 
example (182) is clearly false; massive black holes are not living entities which have the 
anatomy to pass food down their throat and the rest of a digestive tract. These spelled out literal 
meanings might seem needlessly explicit, but they are necessary in order to differentiate 
between the literal and the metaphorical. The intended metaphorical meanings are judged to be 
true based on the specific scientific contexts in which they appear in. The following figures 
illustrate the metaphors’ semantic dispositions through simplified game-theoretical matrices 
introduced in the theoretical framework chapter. 
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Figure 7.1. The game-theoretical matrix for example (181). 
Because both the literal and metaphorical meanings of example (181) can be given true truth 
values, the game-theoretical template above does not provide a pragmatic convention—nor a 
dominant equilibrium—through which the intended meaning can be derived by eliminating 
falsehoods. These cases, which make up the marginal minority in the database (2.1 percent), 
create a bigger window for misunderstanding, because both the isolated literal meaning and the 
context-based metaphorical meaning are feasible statements. Metaphors of this type seem to fit 
the skeptical theoretical notion that “metaphors may give a false sense of understanding” 
(Hoffman 1980: 399). In contrast, the vast majority of the scientific metaphors analyzed in this 
study share the same semantic disposition as example (182), which is illustrated below. 
Coordination Equilibrium A:
         Literal meaning:
                 TRUE
Coordination Equilibrium B:
   Metaphorical meaning:
                 TRUE
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Figure 7.2. The game-theoretical matrix for example (182). 
While the literal meaning of example (182) is false, the metaphorical meaning can be 
determined to be true based on the scientific context of the metaphor. In reality, the metaphor 
refers to a process in which gravitational torques cause periodic inflows of mass. This sequence 
is expressed metaphorically by animating the massive black holes in question. 
The pragmatic convention, through which the semantic stalemate between the metaphorical and 
literal equilibria can be resolved, can be illustrated by assigning decision weights to the truth 
values. Based on Kearns’ (2011: 9) notion that the actual world has no particular relationship 
with false statements and, therefore, is of no use in determining the meaning of false statements, 
the false literal meanings can be assigned a decision weight of zero. By assigning the true 
meaning a decision weight greater than zero, the true metaphorical meaning dominates the false 
literal meaning (T>0, F=0  T>F). Thus, when a metaphor’s literal and metaphorical meanings 
have different truth values, the semantic stalemate has a pragmatic solution in the form of a 
dominant semantic equilibrium, through which we can arrive at the intended context-specific 
meaning. 
Coordination Equilibrium A:
         Literal meaning:
                FALSE
Coordination Equilibrium B:
   Metaphorical meaning:
                 TRUE
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As established previously, the vast majority (97.9 percent) of the scientific metaphors analyzed 
in this study have the semantic disposition illustrated in figure 7.2, which means that the 
metaphorical meaning can be given logical precedence. Thus, scientific metaphors are not 
elliptical ambiguities, but important devices making use of the limited resources provided by 
language. This result shows that meaningfulness, reason, and truth do not fall outside the 
domain of metaphor—as earlier theories focusing on the literal meaning have insisted (Lakoff 
and Turner 1989: 215). The accuracy of the first hypothesis means that Davidson’s (1979: 39-
41) insistence that metaphors contain patent falsehoods does not render the figure of speech 
invalid, but actually lends support to the notion that metaphors display semantic consistency in 
regard to the literal and metaphorical meanings and their relationship to truth-conditional 
semantics. Black (1979: 187) has argued for the necessity of the peripheral presence of the 
literal meaning in order to recognize, derive, and understand metaphorical meaning and truth. 
In the same vein, this result also shows that the psycholinguistic notion about how, according 
to Rohrer (2007: 31-40), the literal and metaphorical are processed simultaneously and share 
structure as parts of a metaphor’s semantic disposition seems to hold true. 
The qualitative results and their statistical analysis show that all of the three academic 
disciplines analyzed in this study—natural sciences, humanities, and social sciences—display 
unique tendencies in the thematic structure of the metaphors. Because the qualitative categories 
relate uniquely to the different branches of science, and the chi-squared test showed that the 
different branches differ in a statistically significant manner in terms of the frequencies of the 
vehicles’ thematic domains, it can be concluded that the second hypothesis is true: the thematic 
domains of scientific metaphors differ between academic branches along the lines of 
Wittgenstein’s family resemblance. This result is further supported by the comparisons between 
this study’s findings and previous field-specific metaphor studies, which showed that 
metaphors from the same scientific branch do tend to have similar vehicle themes. 
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This conclusion means that the implicit rules of language and, more specifically, metaphor 
usage are thematically different for the different subfields of academic writing. While 
astronomy, macroeconomics, and applied linguistics are all a part of the institutionalized 
structure of academia and general scientific inquiry, as individual fields of academic discourse 
they have their own characteristics in terms of metaphor usage. Thus, it could be interpreted 
that the specific subfields of scientific writing—writing relating to either astronomy, applied 
linguistics, or macroeconomics—form distinct individual language families, along the lines of 
Wittgenstein’s (1953: §54, §66-7) theory on language and family resemblance, which is very 
interesting in regard to the way that different academic fields are viewed and contrasted with 
one another. In addition, this result supports the previously stated notion that field-specific 
metaphors are constructed based on the field’s physical, social, and cultural idiosyncrasies 
(Lakoff and Johnson 1980: 19-20; Cuadrado and Durán 2013: 1). Thus, these physical, social, 
and cultural traits set the thematic boundaries for the natural tendencies of figurative language 
in specific scientific and academic contexts. This is also in line with Snow’s (1959: 4, 23) notion 
about how the differences between academic cultures are rooted in their social histories and 
inner dynamics. As mentioned in a previous chapter, it should be noted that he focuses only on 
the dichotomy between “literary intellectuals” and “physical scientists” (op.cit.). He goes as far 
as to say that academics from the field of humanities are “natural Luddites” who have never 
tried or wanted to understand important scientific and technological advancements, and he uses 
the industrial revolution as an example of this phenomenon (Snow 1959: 23). Increasing 
scientific cooperation in academia might suggest that the above statement is a dated 
exaggeration. 
While the qualitative and statistical analysis of the scientific metaphors proved an important 
difference between the analyzed branches of science in terms of metaphor usage, it should be 
noted that there are many interdisciplinary fields which combine different aspects of natural 
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sciences, humanities, and social sciences. For instance, econophysics applies theories and tools 
from physics to solve problems in economics; humanistic economics puts an emphasis on the 
human being and borrows elements from the various fields of humanities; and neurolinguistics 
is an astute example of an interdisciplinary marriage between humanities and natural sciences, 
which studies neural mechanisms in the human brain in an attempt to understand the nature of 
language. This notion of interaction is also supported by the metaphorical interplay examined 
as a part of the qualitative analysis.  Thus, the different tendencies in metaphor usage across 
disciplines are not necessarily a restrictive aspect—especially when the pre-existing interaction 
between the fields is taken into consideration. 
As for the possible limitations of this study, metaphor analysis is an inevitably subjective 
subfield of linguistics, because there are no clear-cut boundaries between literal interpretations, 
metaphors, inactive metaphors, and general polysemy. Differentiating between the literal and 
the metaphorical is a process which inevitably involves judgment calls. This unavoidable 
subjectivity can have an effect on the quantitative aspects of metaphor analysis—which is 
further accentuated in the case of institutionalized terminology. If not acknowledged and dealt 
with appropriately, researcher subjectivity can possibly lead to over-analysis or a lack of rigor 
(Rivers 2010: 237). In addition, because all writers—including those who have authored the 
articles analyzed in this study—have individual writing preferences and habits, the usage and 
frequency of certain metaphors can depend on the author in question. This, in turn, can have an 
effect on the results of this kind of study, which tries to investigate how language is used when 
writing about a specific subject matter. This study relies on dictionary definitions and a 
consistent and thorough methodological approach in an attempt to minimize the influence of 
subjectivity. Lakoff and Johnson (1980: 195) have concluded that neither absolute subjectivity 
nor objectivity is preferable when trying to understand and deconstruct metaphors and the 
relating conceptual systems. 
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As with metaphor analysis, numerous challenges arise when applying truth-conditional 
semantics to natural languages. These challenges include, for instance, idexicality, ambiguity, 
ellipsis, and vagueness (Carston 2011: 287). Because of their formal roots, truth values are 
understandably easier to apply in the context of formal languages. Thus, there still is a lot of 
room for growth in terms of the theoretical and practical adequacy of truth-conditional 
semantics. Likewise, while game theory and game-theoretical analysis has been extended 
beyond mathematical economics to study strategic decision-making in a number of fields, such 
as political science, psychology, philosophy, computer science, and biology, its usage in 
linguistics is still in its infancy and, therefore, should be approached with both theoretical and 
methodological diligence. 
Lastly, it can be questioned whether the chosen representative subfields—astronomy, applied 
linguistics, and macroeconomics—provide an accurate picture in regard to the metaphorical 
tendencies of the broader disciplines of natural sciences, humanities, and social sciences. It is 
natural to expect both quantitative and qualitative variation among the different subfields within 
the larger disciplines. In addition, to make general conclusions about a topic as vast as scientific 
writing based on an inevitably limited sample size—which in the case of this study is a database 
of 199 755 words—is understandably problematic, but ultimately the only feasible approach.  
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8. Conclusion 
This study set out to examine the metaphorical tendencies of academic discourse and to 
investigate whether different academic fields display meaningful similarities or differences in 
terms of scientific metaphor usage. This was done by compiling a database of academic articles 
from the fields of natural sciences, humanities, and social sciences, which were then analyzed 
quantitatively, qualitatively, and statistically to see whether the study’s two hypotheses hold 
true. 
The first hypothesis was determined to be accurate based on the quantitative results; the vast 
majority of the literal meanings attached to scientific metaphors do, in fact, show consistency 
with regard to truth values, which provides a dominant semantic equilibrium and a convention 
through which possible ambiguity can be eliminated. Truth-conditional semantics and Ohkura’s 
(2003) game-theoretical template for metaphor semantics were the central theoretical 
components used to arrive at this conclusion. As for the second hypothesis that focused on 
family resemblance within the academic disciplines, based on statistical analysis, the fields of 
astronomy, applied linguistics, and macroeconomics displayed distinct qualitative tendencies 
in relation to the metaphors’ vehicle disposition, which means that the second hypothesis was 
proven to be true. Thus, different fields of academic discourse and scientific inquiry seem to 
display unique qualitative inclination when it comes to figurative language. Wittgenstein’s 
(1953: §66) notion of family resemblance provided the theoretical basis and justification for 
this result. 
While the results of this study are more than adequate to display the omnipresence of metaphor, 
the value of science and academia-related metaphor analysis can best be expressed through a 
few simple, yet important statements by some of the most prominent and important thinkers 
from history. Ernest Hemingway’s (1932: 192) theory on writing fiction—which puts an 
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emphasis on strengthening the story through omission—is best remembered through his use of 
a recognizable metaphor: “The dignity of movement of an ice-berg is due to only one-eighth of 
it being above water.” In 1776, Adam Smith revolutionized economics and general economic 
thought by including the simple notion of an invisible hand into his magnum opus, An Inquiry 
into the Nature and Causes of the Wealth of Nations. Likewise, Isaac Newton (1959: 416) is 
remembered for emphasizing the importance of the scientific process by elegantly expressing 
his gratitude to the scientists who had come before him and made his groundbreaking 
discoveries possible through a memorable figure of speech: “If I have seen further it is by 
standing on the shoulders of giants.” Thus, it seems that some of the most prominent academics 
and scientists are best remembered through their usage of metaphor, lending further credence 
to the figure of speech. 
As for future possibilities and directions for the study of scientific metaphors, there are 
numerous other branches and subfields of science and academia which could be researched in 
order to shed further light on the metaphorical tendencies of scientific discourse. One could 
also study how readers perceive metaphors in scientific contexts and whether figures of speech 
facilitate or hinder the readers’ comprehension. Furthermore, this study’s theory chapter has 
shown that there is not yet an overarching consensus among metaphor theoreticians about the 
structure and nature of the figure of speech in question. A better agreement about the theory of 
metaphor could help lay out the foundation for more uniform and comparable empirical 
metaphor studies. 
By analyzing and expounding the tendencies—metaphorical or otherwise—of academic 
writing, linguists can derive valuable information about the language of science and about the 
very nature of the scientific subject matters. The scientific process, which is crucially dependent 
on the written form, can benefit from the identification of the possible merits and shortcomings 
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of the language used to express all of the hypotheses, theories, and observations central to all 
branches of science and academia.  
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Appendix A: A detailed breakdown of different metaphor structures 
Black (1962: 47) has attempted to dissect the detailed structure for both the classical substitution 
and comparison theories of metaphor and Richards’ (1936) tension theory of metaphor. The 
following factors play a part in a substitution or comparison metaphor: 
E (metaphorical word or phrase), F (some verbal frame), F(E) (the metaphorical statement in 
question), m’(E) (the  metaphorical meaning), X (literal synonym), and m(X) (the literal 
meaning). 
Thus, for all substitution and comparison metaphors the following holds true: the metaphorical 
word or phrase occurs in a specific verbal frame to create a metaphorical statement with a 
distinct metaphorical meaning, which has an equivalent literal meaning that can be expressed 
through a literal synonym. More formally this can be stated as F(E) = m’(E) when m’(E) = m(X) 
and F(X) = m(X). 
As for the more intricate tension, or interaction theory of metaphor, the situation is not as 
simple. This approach shares some components with the above structure, but also expands on 
its limitations: 
E (metaphorical word or phrase), F (some verbal frame), F(E) (the metaphorical statement in 
question), m’(E) (the metaphorical meaning), P (the principal subject), S (the subsidiary 
subject), I (the relevant system of implications), and A (the resulting system of attributions). 
The components which Black (1962: 47) presents can be interpreted in the following way: the 
principal subject (tenor) is presented in the form of some verbal frame which also includes a 
verbal form of the subsidiary subject (vehicle). This double unit takes the form of the 
metaphorical word or phrase containing the metaphorical statement in question. The intended 
metaphorical meaning of the metaphorical statement can be derived by identifying the 
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interaction between the principal subject and the system of relevant implications attached to the 
secondary subject. Thus, the figure of speech links the resulting system of attributions with the 
principal subject. More formally: m’(E) = F(E) = F(P) +F(S) when F(S) = S + I and as a result 
of the interaction of the components F(P) = P(I) = P+A. Because one of the main virtues of 
the interaction theory is that the tenor and the vehicle can be present in the same word or phrase, 
the following also holds true: F(P) = F(S)  P+A = S+I.  
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Appendix B: List of the analyzed articles 
The articles analyzed in this study are listed below. They are arranged according to the notation 
used throughout the study, in which NS, H, and SS stand for natural sciences (astronomy), 
humanities (applied linguistics), and social sciences (macroeconomics), respectively. Because 
some of the articles have a substantial number of authors—some of the astronomy articles can 
have more than twenty—only the name of the first author is mentioned in these cases. 
NS1: Ackermann, M. et al. 2013. ‘Fermi-LAT Observations of the Gamma-Ray Burst GRB
 130427A’, Science 343(6166), 42-7. 
NS2: Anchordoqui, L.A. et al. 2013. ‘Roadmap for Ultra-High Energy Cosmic Ray Physics
 and Astronomy’, Snowmass 2013. 
NS3: Aartsen, M.G. et al. 2013. ’Search for Dark Matter Annihilations in the Sun with the 79
 -String IceCube Detector’, Physical Review Letters 110(13). 
NS4: Heinis, S. et al. 2013. ‘HERMES: Unveiling Obscured Star Formation – the Far
 Infrared Luminosity Function of Ultraviolet-Selected Galaxies at z ∼ 1.5’,
 Monthly Notices of the Royal Astronomical Society 429, 1113-32. 
NS5: Cockcroft, R. et al. 2013. ‘Unearthing Foundations of a Cosmic Cathedral: Searching
 the Stars for M33’s Halo’, Monthly Notices of the Royal Astronomical Society
 428, 1248-62. 
NS6: Jackson, J.M. et al. 2013. ‘MALT90: The Millimetre Astronomy Legacy Team 90 GHz
 Survey’, Publications of the Astronomical Society of Australia 30. 
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NS7: Marriage, T.A. et al. 2011. ‘The Atacama Cosmology Telescope: Sunyaev-Zel’dovich
 Selected Galaxy Clusters at 148GHz in the 2008 Survey’, The Astrophysical
 Journal 737(2). 
NS8: Sesana, A. et al. 2012. ‘Multimessenger Astronomy with Pulsar Timing and X-ray
 Observations of Massive Black Hole Binaries’, Monthly Notices of the Royal
 Astronomical Society 420, 860-77. 
NS9: Howard, A.W. et al. 2012. ‘Planet Occurrence within 0.25 AU of Solar-Type Stars from
 Kepler’, The Astrophysical Journal Supplement Series 201(2). 
NS10: Mureika, J. and Stojkovic, D. 2011. ‘Detecting Vanishing Dimensions via Primordial
 Gravitational Wave Astronomy’, Physical Review Letters 106(10). 
NS11: Lee, K.J. et al. 2011. ‘Gravitational Wave Astronomy of Single Sources with a Pulsar
 Timing Array’, Monthly Notices of the Royal Astronomical Society 414(4),
 3251-64. 
H1: Hinrichs, L. 2011. ‘The Sociolinguistics of Diaspora: Language in the Jamaican Canadian
 Community’, Proceedings of the Nineteenth Annual Symposium about
 Language and Society. 
H2: Farrell, T.S.C. and Renandya, W.A. 2011. ‘”Teacher the Tape is Too Fast!” Extensive
 Listening in ELT’, ELT Journal 65(1), 52-9. 
H3: Clyne, M. 2011. ‘Are We Making a Difference? On the Social Responsibility and Impact
 of the Linguist/Applied Linguist in Australia’, Australian Review of Applied
 Linguistics 30(1). 
H4: Hermans, T. 2012. ‘Norms of Translation’, The Encyclopedia of Applied Linguistics. 
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H5: Storch, N. 2011. ‘Collaborative Writing in L2 Contexts: Processes, Outcomes, and Future
 Directions’, Annual Review of Applied Linguistics 31, 275-88. 
H6: Mann, S. 2011. ‘A Critical Review of Qualitative Interviews in Applied Linguistics’,
 Applied Linguistics 32(1), 6-24. 
H7: Asención-Delaney, Y. and Collentine, J. 2011. ‘A Multidimensional Analysis of a
 Written L2 Spanish Corpus’, Applied Linguistics 32(3), 299-322. 
H8: Dalton-Puffer, C. 2011. ‘Content-and-Language Integrated Learning: From Practice to
 Principles?’, Annual Review of Applied Linguistics 31, 182-204. 
H9: Chiarcos, C., McCrae, J., Cimiano, P. and Fellbaum, C. 2013. ‘Towards Open Data for
 Linguistics: Linguistic Linked Data’, New Trends in Research in Ontologies and
 Lexical Resources, 7-25. 
H10: Sebba, M. 2013. ‘Multilingualism in Written Discourse: An Approach to the Analysis of
 Multilingual Texts’, International Journal of Bilingualism 17(1), 97-118. 
SS1: Louzis, D.P., Vouldis, A.T. and Metaxas, V.L. 2012. ‘Macroeconomic and Banking
 -Specific Determinants of Non-Performing Loans in Greece: A Comparative
 Study of Mortgage, Business and Consumer Loan Portfolios’, Journal of
 Banking & Finance 36(4), 1012-27. 
SS2: Gärtner, M., Griesbach, B. and Jung, F. 2013. ‘Is There a Transatlantic Divide in
 Undergraduate Macroeconomics Teaching?’, Applied Economic Letters 21(5),
 297-303. 
SS3: Haavelmo, T. 2012. ‘Equations vs: Identities in Macroeconomics’, Nordic Journal of
 Political Economy 37, 1-11. 
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SS4: Bussière, M., Imbs, J., Kollmann, R. and Rancière, R. 2013. ‘The Financial Crisis:
 Lessons for International Macroeconomics’, American Economic Journal:
 Macroeconomics 5(3), 75-84. 
SS5: Hamilton, J.D. 2011. ‘Nonlinearities and the Macroeconomic Effects of Oil Prices’,
 Macroeconomic Dynamics 5, 364-78. 
SS6: Rezai, A., Taylor, L. and Mechler, R. 2013. ‘Ecological Macroeconomics: An
 Application to Climate Change’, Ecological Economics 85, 69-76. 
SS7: Aizenman, J. and Noy, I. 2013. ‘Macroeconomic Adjustment and the History of Crises
 in Open Economies’, Journal of International Money and Finance 38, 41-58. 
SS8: Corsetti, G., Kuester, K., Meier, A. and Müller, G.J. 2013. ‘Sovereign Risk, Fiscal
 Policy, and Macroeconomic Stability’, The Economic Journal 123(566), 99-132. 
SS9: Andrés, J. and Arce, O. 2012. ‘Banking Competition, Housing Prices and
 Macroeconomic Stability’, The Economic Journal 122(565), 1346-72. 
SS10: Gürkaynak, R.S. and Wright, J.H. 2012. ‘Macroeconomics and the Term Structure’,
 Journal of Economic Literature 50(2), 331-67.  
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Appendix C: A summary of the quantitative results 
 Table 1. Word counts and absolute and normalized frequencies for the analyzed material. 
Article Word Count Metaphors Normalized Frequencies per 1000 words 
NS1 3422 51 14,9 
NS2 3782 63 16,7 
NS3 2418 25 10,3 
NS4 10280 69 6,7 
NS5 8505 84 9,9 
NS6 3698 41 11,1 
NS7 5890 82 13,9 
NS8 11730 156 13,3 
NS9 15592 237 15,2 
NS10 2856 27 9,5 
NS11 5655 45 8,0 
H1 7103 94 13,2 
H2 2937 28 9,5 
H3 5300 66 12,5 
H4 2967 57 19,2 
H5 5313 37 7,0 
H6 6792 125 18,4 
H7 6258 94 15,0 
H8 7313 127 17,4 
H9 6059 98 16,2 
H10 7652 82 10,7 
SS1 7194 103 14,3 
SS2 2025 36 17,8 
SS3 5069 34 6,7 
SS4 2981 102 34,2 
SS5 4765 64 13,4 
SS6 5931 162 27,3 
SS7 6524 120 18,4 
SS8 9904 239 24,1 
SS9 10729 194 18,1 
SS10 13111 275 21,0 
NS Total 73828 880 11,9 
H Total 57694 808 14,0 
SS Total 68233 1329 19,5 
Total 199755 3017 15,1 
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Suomenkielinen tiivistelmä 
Tavoite ja hypoteesit 
Tämän pro gradu -tutkielman tavoitteena oli tutkia, kuinka metaforia käytetään eri tieteenalojen 
julkaisuissa. Metaforatutkimus on tärkeä kielitieteen ala, joka koskettaa sekä semantiikkaa että 
pragmatiikkaa. Näin ollen se tarjoaa mahdollisuuden tutkia sanojen merkitystä ja kielenkäyttöä 
samassa asiayhteydessä. Tutkielman yleinen pyrkimys oli selvittää, kuinka metaforia käytetään 
tieteissä ja kuinka niiden käyttö eroaa luonnontieteiden, humanististen tieteiden ja 
yhteiskuntatieteiden julkaisujen välillä. Koska nämä kolme tieteenalaa ovat sisäisesti erittäin 
laajoja, tutkielman analyysi keskittyi tähtitieteen, soveltavan kielitieteen ja makrotaloustieteen 
artikkeleihin. Näistä artikkeleista löytyneitä metaforia analysoitiin sekä kvantitatiivisesti että 
laadullisesti, jotta seuraavien hypoteesien paikkansapitävyyttä voitiin testata. 
 Hypoteesi 1: Aineistosta löytyneiden metaforien kirjaimellisille merkityksille
 voidaan määrittää epätodet totuusarvot, joiden avulla saavutetaan onnistunut
 metaforinen merkitys ja vakiinnutetaan semanttinen tasapainotila. 
 Hypoteesi 2: Tieteellisten metaforien laadulliset kategoriat eroavat eri
 tieteenalojen välillä Wittgensteinin perheyhtäläisyyttä koskevan teorian mukaan. 
Ensimmäisen hypoteesin paikkansapitävyyttä tutkittiin määrittämällä kaikkien aineistosta 
löytyneiden metaforien kirjaimellisten merkitysten totuusarvot sanakirjamääritelmien ja 
todellisuuden määrittelemien totuusehtojen perusteella. Ensimmäisen hypoteesin 
paikkansapitävyys tarkoittaisi, että tieteellisissä asiayhteyksissä metaforisille merkityksille 
voitaisiin antaa looginen etusija, mikä puolestaan teoreettisella tasolla eliminoisi 
mahdollisuudet väärinymmärryksiin ja ristiriitaisuuksiin. Kirjaimellisen epätoden ja 
metaforisen totuuden rinnastus perustuu metaforan semanttisen rakenteen peliteoreettiseen 
malliin (Ohkura 2003: 6). 
120 
 
Toinen hypoteesi olettaa, että metaforien temaattiset kategoriat eli tyypit eroavat tilastollisesti 
merkitsevästi luonnontieteiden, humanististen tieteiden ja yhteiskuntatieteiden välillä, mikä 
tarkoittaa, että metaforien ja yleisen kielenkäytön taipumukset määräytyisivät tieteellisen 
asiayhteyden mukaan. Wittgensteinin perheyhtäläisyyden mukaan kielenkäytöllä on tiettyjä 
yhtäläisiä tendenssejä tietyssä asiayhteydessä, mikä ei kuitenkaan edellytä absoluuttista 
samankaltaisuutta. Tämän hypoteesin paikkansapitävyys selvitettiin vertaamalla 
tieteenalakohtaisten laadullisten kategorioiden frekvenssejä tilastollisin menetelmin. 
Taustateoria 
Yksinkertaisen määritelmän mukaan metafora on kielikuva eli trooppi, jonka avulla yksi asia 
voidaan ymmärtää toisen asian kautta ja sen tärkein tehtävä on edesauttaa ymmärtämistä 
(Lakoff ja Johnson 1980: 37). Vertauksesta poiketen metaforan rakenteeseen ei kuulu kuin-
sanaa. Varhaisimmat metaforateoriat keskittyivät sen avulla tehtäviin vertauksiin ja korvauksiin 
ja niiden mukaan metafora ei kuulu normaaliin kielenkäyttöön (Backman 1991: 24-5). Näin 
ollen kyseessä olisi pelkästään tyylillinen kielikuva. 
Lingvistiset metaforateoriat tarjoavat kattavamman määritelmän metaforalle ja painottavat sen 
roolia oleellisena osana kieltä (Richards 1936: 100). Nämä teoriat tarjoavat myös 
järjestelmällisen perustan empiiriselle metaforatutkimukselle. Tämän tutkielman kannalta 
oleellisin metaforateoria on Richardsin (1936) tensio- tai vuorovaikutusteoria. Se painottaa 
metaforien asiayhteyttä ja kumoaa teoreettisen oletuksen, jonka mukaan sanoilla on vain yksi 
asiayhteydestä riippumaton kirjaimellinen merkitys (Richards 1936: 11). Tämä tarkoittaa, että 
metaforien vaihtelevat asiayhteydet mahdollistavat polysemian. Richardsin (1936: 94) teorian 
mukaan metaforien retorinen vaikutus perustuu erilaisten sanoihin liitettävien ajatusten 
vuorovaikutukseen, joka mahdollistaa näennäisesti kaukaisten asioiden rinnastamisen. Lisäksi 
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Blackin (1962: 32) mukaan metaforan tärkein tehtävä on täyttää sanastoon syntyviä puutteita 
silloin, kun käytettävä kieli ei pysty mukautumaan ympäröivän maailman kehityksen tahdissa. 
Lakoffin ja Johnsonin (1980: 4) käsitteellinen metaforateoria pyrkii vahvistamaan metaforan ja 
ihmismielen välisiä yhteyksiä. Se myös painottaa metaforan roolia osana tieteellisiä teorioita ja 
akateemista kielenkäyttöä, mikä liittyy oleellisesti tämän tutkielman tavoitteeseen (Lakoff ja 
Johnson 1980: 145, 152, 194). Viimeisin merkittävä metaforateoria perustuu neurotieteeseen ja 
se pyrkii vahvistamaan metaforien olemassaolon tutkimalla ihmisen aivotoimintaa (Lakoff 
2009: 1-3). Neuraalinen metaforateoria on mallinnettu edellä mainitun käsitteellisen 
metaforateorian pohjalta. Näiden teorioiden johtopäätökset tukevat Richardsin (1936) teorian 
näkökulmia. 
Jotta tieteellisiä metaforia voidaan tutkia empiirisesti, niiden rakenne ja komponentit tulee 
määrittää yksityiskohtaisesti. Black (1962: 27-8) määrittää metaforan focuksen ensisijaisena 
subjektina, jota verrataan sitä ympäröiviin sanoihin eli frameen. Tämä määritelmä ei ole 
tarpeeksi yksiselitteinen sen suhteen kumpaa näistä kahdesta komponentista käytetään 
metaforisesti. Richardsin (1936: 97) määritelmän mukaan metafora koostuu pääajatuksesta 
(tenor), johon ilmaisuväline (vehicle) viittaa metaforisesti. Jälkimmäiseen osaan liitettävät 
ominaisuudet ja piirteet yhdistetään ensimmäiseen osaan metaforisen vuorovaikutuksen 
tuloksena. Koska vuorovaikutusteoria painottaa ajatusten vuorovaikutusta, eikä vain 
yksittäisten sanojen tasolla tapahtuvaa interaktiota, tenor ja vehicle voivat esiintyä yhdessä 
sanassa tai ilmauksessa. Näin ollen pääajatukseen voidaan viitata implisiittisesti asiayhteyden 
kautta (Richards 1936: 94; Martin ja Harré 1982: 93). Metaforat voidaan tunnistaa 
paikantamalla metaforisesti käytetyt ilmaisuvälineet eli vehiclet. Käsiteellisen metaforateorian 
omat nimitykset metaforan rakenneosille (target domain ja source domain) ovat 
rinnastettavissa vuorovaikutusteorian komponentteihin. 
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Yksi tämän tutkielman tavoitteista oli osoittaa, että metafora on oleellinen osa tieteellistä 
tekstiä, ajattelua ja tutkimusta, koska on olemassa koulukunta, jonka mukaan sanoilla on 
pelkästään yksi kirjaimellinen merkitys, mikä eliminoisi metaforan kokonaan kielenkäytöstä. 
(Davidson 1979: 29-30). Lisäksi Davidsonin (1979: 31-41) mukaan metafora on pelkästään 
tyylillinen koriste, joka toimii pelkkänä vastineena vertaukselle ilman kuin-sanaa ja väittämät, 
joissa metaforat esiintyvät voidaan osoittaa tosiksi vain niiden kirjaimellisten merkitysten 
totuusehtojen perusteella. Osa näistä väittämistä pystyttiin kumoamaan olemassa olevien 
metaforateorioiden pohjalta ja loput pystyttiin osoittamaan vääriksi tämän tutkielman tulosten 
perusteella. 
Metaforan semanttiselle rakenteelle on olemassa peliteoreettinen malli, joka sisältää sekä 
kirjaimellisen että metaforisen merkityksen tasapainotiloina (Ohkura 2003: 5). Näin ollen 
tarkoitetun merkityksen määrittäminen mallinnetaan koordinaatio-ongelmaksi. Tämän 
tutkielman ensimmäisen hypoteesin mukaan tieteellisten metaforien kirjaimellisille 
merkityksille voidaan antaa epätodet totuusarvot, minkä seurauksena metaforiset merkitykset 
dominoivat niitä ja tasapainotilojen välinen koordinaatio-ongelma ratkeaa. Tämä malli 
hyödyntää Richardsin (1936) vuorovaikutusteoriaa, eli se on yhdenmukainen aikaisemmin 
määritellyn taustateorian kanssa. Metaforan kirjaimellisen ja metaforisen merkityksen välistä 
yhteyttä on myös tutkittu psykolingvistiikan näkökulmasta, mikä tukee edellä mainittuja 
teoreettisia oletuksia metaforan luonteesta. 
Tutkielman toinen hypoteesi pohjautuu Wittgensteinin (1953: §7, §54, §66) perheyhtäläisyyttä 
koskevaan teoriaan, jonka mukaan kielenkäytön—eli myös metaforien käytön—taipumukset ja 
piirteet määräytyvät asiayhteyden mukaan. Tämä tutkielma pyrki selvittämään eroavatko 
luonnontieteissä (tähtitiede), humanistisissa tieteissä (soveltava kielitiede) ja 
yhteiskuntatieteissä (makrotaloustiede) esiintyvät metaforat temaattisten tyyppiensä suhteen, 
mikä voitaisiin perustella tieteenalojen sisäisellä perheyhtäläisyydellä. Myös edellisten tieteitä 
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koskevien metaforatutkimusten tuloksia hyödynnettiin tutkittaessa toisen hypoteesin 
paikkansapitävyyttä. 
Aineisto ja menetelmät 
Tutkielman aineisto koostuu tähtieteen, soveltavan kielitieteen ja makrotaloustieteen 
artikkeleista, jotka on julkaistu vertaisarvioiduissa tiedejulkaisuissa. Kaikki tutkielmassa 
analysoidut artikkelit on julkaistu 1. tammikuuta 2011 ja 31. joulukuuta 2013 välillä eli kolmen 
vuoden julkaisuikkunan aikana. Aineisto koottiin Google Scholarin avulla, joka mahdollistaa 
artikkeleiden etsimisen hakusanojen ja julkaisupäivämäärän perusteella. Lisäksi se listaa kaikki 
tarvittavat julkaisutiedot. Tähtitieteen artikkeleita etsittiin hakusanalla ”astronomy”, soveltavan 
kielitieteen julkaisuja hakusanalla ”applied linguistics” ja makrotaloustieteen hakusanoina 
toimivat ”macroeconomics” ja ”macroeconomic”. 
Aineisto koostuu 11 tähtitieteen artikkelista, 10 soveltavan kielitieteen artikkelista ja 10 
makrotaloustieteen artikkelista. Artikkelien sanamäärien laskemista varten niistä piti ensin 
poistaa kaikki ylimääräiset osat, kuten taulukot, kuviot ja kuvat. Tähtitieteen artikkelien 
kokonaissanamäärä on 73 828, soveltavan kielitieteen 57 694, makrotaloustieteen 68 233 ja 
koko aineiston yhteenlaskettu sanamäärä on 199 755. 
Kaikki metaforat tunnistettiin artikkeleista edellä määritellyn taustateorian pohjalta ja niiden 
sijainti merkittiin artikkeleihin. Metaforien kirjaimelliset merkitykset selvitettiin käyttämällä 
yleisiä ja tieteellisiä sanakirjoja. Niiden totuusarvot määritettiin todellisuuden ja kyseisten 
tieteellisten asiayhteyksien sanelemien totuusehtojen perusteella, jotta ensimmäisen hypoteesin 
paikkansapitävyys voitiin testata. Myös metaforien laadulliset kategoriat määritettiin tässä 
vaiheessa. Nämä kategoriat muodostettiin aikaisempien metaforatutkimusten, 
metaforateorioiden listaamien luokkien ja intuitiivisen päättelyn pohjalta. 
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Metaforat koottiin yhteen Microsoft Excel –työkirjaan, josta ilmenee jokaisen metaforan 
artikkeli, kirjaimellisen merkityksen totuusarvo sekä sen laadullinen kategoria eli tyyppi. 
Yksittäisille artikkeleille, jokaiselle tieteenalalle sekä koko ainestoille laskettiin absoluuttiset ja 
normalisoidut (tuhatta sanaan kohden) metaforien frekvenssit. Nämä tulokset esitettiin 
taulukoiden ja kuvioiden avulla. Metaforien laadullisia luokkia analysoitiin esimerkkien 
pohjalta. Jotta tutkielman toisen hypoteesin paikkansapitävyys voitiin testata riittävällä 
tarkkuudella, laadullisten luokkien tieteenalakohtaiset frekvenssit laskettiin ja niitä analysoitiin 
tilastollisesti. Näille frekvensseille suoritettiin khiin neliö –testi, jolla selvitettiin eroavatko 
luonnontieteet, humanistiset tieteet ja yhteiskuntatieteet tilastollisesti merkitsevällä tavalla. 
Myös edellä mainituille metaforien frekvensseille suoritetiin khiin neliö –testit. 
Merkitsevyysrajaksi valittiin 0,05, mikä on yleensä kielitieteen standardi (Mäkisalo 2009: 58). 
Tulos on tilastollisesti melkein merkitsevä kun p-arvo on pienempi kuin 0,05, tilastollisesti 
merkitsevä kun p≤0,01 ja tilastollisesti erittäin merkitsevä kun p≤0,001. 
Tutkimustulokset 
Tutkielman kvantitatiiviset tulokset koostuvat yksittäisten artikkelien, tarkasteltavien kolmen 
tieteenhaaran sekä koko aineiston absoluuttisista ja normalisoiduista metaforien frekvensseistä. 
Lisäksi metaforien kirjaimellisten merkitysten totuusarvojen frekvenssit koottiin omaksi 
taulukokseen. Jokaisen tieteenhaaran sisäisille artikkeleille suoritettiin khiin neliö –testit, jotka 
kaikki osoittautuivat tilastollisesti erittäin merkitseviksi (luonnontieteet: χ²=64.37, df=10, 
p≤0.001, humanistiset tieteet: χ²=54.41, df=9, p≤0.001 ja yhteiskuntatieteet: χ²=129.99, df=9, 
p≤0.001). Metaforien absoluuttiset frekvenssit luonnontieteille, humanistisille tieteille ja 
yhteiskuntatieteille ovat 880, 808 ja 1 329 ja vastaavat normalisoidut frekvenssit tuhatta sanaa 
kohden ovat 11,9, 14,0 ja 19,5. Myös tarkasteltavien tieteenhaarojen koottuja frekvenssejä 
vertailtiin khiin neliö –testillä, jonka tulos osoittautui tilastollisesti erittäin merkitseväksi 
(χ²=142.75, df=2, p≤0.001). Koko aineistosta löytyi yhteensä 3 017 metaforaa, mikä tarkoittaa 
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15,1 tuhatta sanaa kohden. Näin ollen noin 1,5 prosenttia analysoitavasta aineistosta koostuu 
metaforista. Yksityiskohtainen yhteenveto absoluuttisista ja normalisoiduista frekvensseistä 
löytyy liitteestä C. 
Metaforien kirjaimellisten merkitysten totuusarvojen jakauma tähtitieteen artikkeleissa on 33 
tosi ja 847 epätosi, soveltavan kielitieteen artikkeleissa 23 tosi ja 785 epätosi ja 
makrotaloustieteen artikkeleissa 6 tosi ja 1 323 epätosi. Koko aineiston suhteen jakauma on 62 
tosi ja 2 955 epätosi, mikä tarkoittaa, että 97,9 prosenttia aineistosta tukee tutkielman 
ensimmäistä hypoteesia, jonka mukaan aineistosta löytyneiden metaforien kirjaimellisille 
merkityksille voidaan määrittää epätodet totuusarvot, joiden avulla saavutetaan onnistunut 
metaforinen merkitys ja vakiinnutetaan semanttinen tasapainotila. Tämän tuloksen perusteella 
voidaan todeta, että ensimmäinen hypoteesi pitää paikkansa. Kirjaimellisesti ymmärrettynä 
suurin osa tutkielman tieteellisistä metaforista koostuu epäloogisista mahdottomuuksista ja 
ristiriitaisuuksista, minkä takia on loogista tulkita metaforiset merkitykset artikkelien 
kirjoittajien tarkoittamiksi merkityksiksi. 
Laadulliset tulokset koostuvat metaforien laadullisista kategorioista eli temaattisista tyypeistä, 
joita analysoitiin esimerkkien avulla. Jotta tutkielman toisen hypoteesin paikkansapitävyyttä 
voitiin analysoida riittävällä tarkkuudella, laadullisten kategorioiden alakohtaisille 
frekvensseille suoritettiin khiin neliö –testi. Aineiston metaforat jakautuivat laadullisten 
tyyppiensä suhteen seuraaviin kategorioihin: konkretisointi, animaatio ja personifikaatio, 
anatomia, fysiologia, ihmissuhteet ja perhe, eläimet ja metsästys, ruoka, hedelmät ja kasvit, 
hallinto, lainsäädäntö ja politiikka, asevoimat, sodankäynti ja aseistus, infrastruktuuri, 
rakennustyö ja asuminen, mekaniikka, koneisto ja kulkuneuvot, taiteet, vesi ja nesteet ja valo, 
näkö ja ääni. Näiden ryhmien lisäksi yksi ryhmä käsittelee tieteenalojen välistä metaforista 
vuorovaikutusta ja loput pienemmistä ryhmistä on koottu yhdeksi sekalaiseksi ryhmäksi. Näitä 
laadullisia kategorioita analysoitiin aineiston esimerkkien kautta. 
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Kaikkien kategorioiden alakohtaiset frekvenssit koottiin taulukoksi (taulukko 6.3) ja näille 
frekvensseille suoritettiin khiin neliö –testi. Tämä testi osoittautui tilastollisesti erittäin 
merkitseväksi (χ²=1255.52, df=72, p≤0.001), mikä tarkoittaa, että luonnontieteet, humanistiset 
tieteet ja yhteiskuntatieteet eroavat toisistaan tilastollisesti merkitsevästi metaforien laadullisten 
kategorioiden suhteen. Näin ollen myös tutkielman toinen hypoteesi pitää paikkansa: 
tieteellisten metaforien laadulliset kategoriat eroavat eri tieteenalojen välillä Wittgensteinin 
perheyhtäläisyyttä koskevan teorian mukaan. Tätä tulosta käsitellään kattavammin 
pohdinnassa. 
Lopuksi tämän tutkielman tuloksia verrattiin muiden tieteitä käsittelevien metaforatutkimusten 
tuloksiin. Luonnontieteiden suhteen on aikaisemmin tutkittua muun muassa biologiassa, 
kemiassa, perinnöllisyystieteessä, maantieteessä ja metallurgiassa esiintyviä metaforia. 
Kaunokirjallisuus, runous, teologia ja filosofia ovat humanistisiin tieteisiin liittyviä aloja, joita 
on tutkittu kattavasti metaforien käytön suhteen. Yhteiskuntatieteisiin liittyvät tutkimukset ovat 
keskittyneet kansantaloustieteeseen, talousteoriaan, valtiotieteeseen, yleiseen poliittiseen 
diskurssiin ja siihen, kuinka eri poliittiset puolueet käyttävät erityyppisiä metaforia. 
Vertaamalla näissä tutkimuksissa esiintyviä metaforia tämän tutkielman tuloksiin voidaan 
nähdä, että samoilla tieteenaloilla esiintyy samankaltaisia metaforia. Myös tämä havainto 
näyttäisi osoittavan, että tutkielman toinen hypoteesi pitää paikkansa. 
Pohdinta ja johtopäätökset 
Tämän tutkielman analyysi ja tulokset osoittivat, että metafora on oleellinen osa tieteellistä 
kieltä ja tutkimusta ja se esiintyy tärkeänä osana lukuisia tieteellisiä teorioita. Metaforan rooli 
ei ole pelkästään toimia tyylillisenä koristeena, vaan se on tehokas kielen tarjoama työkalu, joka 
auttaa ihmisiä sekä esittämään että ymmärtämään tieteellisiä ilmiöitä. Tutkielman 
kvantitatiivinen analyysi osoitti, että metafora esiintyy järjestelmällisesti luonnontieteissä, 
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humanistisissa tieteissä ja yhteiskuntatieteissä, mutta niiden välillä on myös mainittavia 
eroavuuksia metaforien frekvenssien suhteen. Normalisoidut frekvenssit osoittivat, että 
makrotaloustieteen artikkeleissa esiintyi eniten metaforia, soveltavaa kielitiedettä käsittelevät 
artikkelit sisälsivät toiseksi eniten metaforia ja tähtitieteen artikkeleissa niitä oli suhteellisesti 
vähiten. Tilastollinen analyysi osoitti, että frekvenssien erot ovat tilastollisesti erittäin 
merkitseviä. Tarkasteltavien tieteenalojen sisäinen luonne on yksi selitys näille eroille. 
Kuolleiden metaforien huomattava määrä aineistossa myös osoittaa, kuinka väistämätön 
kielikuva metafora on. 
Aineiston metaforien kirjaimellisten merkitysten totuusarvot, joista 97,9 prosenttia pystyttiin 
määrittämään epätosiksi, osoittivat, että tutkielman ensimmäinen hypoteesi pitää paikkansa: 
metaforan semanttisen rakenteen peliteoreettisella mallilla voidaan osoittaa, että tieteellisessä 
asiayhteydessä kirjoittajan tarkoittama metaforinen merkitys dominoi yksinkertaista 
kirjaimellista merkitystä totuusarvojen perusteella. Toisin sanoen on loogista antaa 
metaforiselle totuudelle etusija verrattuna kirjaimelliseen merkitykseen, joka on epätosi. Tämän 
päätelmän intuitiivisuus osoitettiin vertaamalla kahta esimerkkiä aineistosta, joista toisella oli 
yllä mainittu semanttinen rakenne (metaforisesti tosi ja kirjaimellisesti epätosi, joka on myös 
tyypillinen valtaosalle aineiston metaforista) ja toisen harvinaisemman esimerkin 
kirjaimelliselle merkitykselle voitiin antaa tosi totuusarvo, mistä seurasi ristiriitaisuus. 
Laadullisen analyysin perusteella nähtiin, että tieteissä esiintyvät metaforat kattavat laajan 
skaalan erilaisia laadullisia tyyppejä, joita analysoitiin havainnollistavien esimerkkien avulla. 
Laadullisten kategorioiden tilastollinen analyysi osoitti, että tutkittavat tieteenalat—
luonnontieteet, humanistiset tieteet ja yhteiskuntatieteet—eroavat toisistaan tilastollisesti 
merkittävällä tavalla, mikä puolestaan tarkoittaa, että tutkielman toinen hypoteesi pitää 
paikkansa. Wittgensteinin perheyhtäläisyys tarjoaa teoreettisen perustan tälle tulokselle. Eri 
tieteenhaaroilla näyttäisi olevan alakohtaiset tendenssit ja taipumukset kielenkäytön ja 
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erityisesti metaforien suhteen, mikä Wittgensteinin (1953: §54, §66-7) termein tarkoittaa, että 
eri tieteenhaarat muodostavat omat kieliperheensä. Tämä tulos tukee myös väitettä, jonka 
mukaan tietyn alan kielenkäytön taipumukset määräytyvät kyseisen alan fyysisten, 
kulttuuristen ja sosiaalisten ominaispiirteiden pohjalta (Lakoff ja Johnson 1980: 19-20; 
Cuadrado ja Durán 2013: 1). Tämä tulos ei kuitenkaan tarkoita, että kielelliset tendenssit estävät 
tieteenalojen välisen yhteistyön; merkittäviin tieteidenvälisiin tutkimusaloihin lukeutuvat 
esimerkiksi ekonofysiikka ja neurolingvistiikka. 
Tutkielmaan sisältyy myös joitain mahdollisia rajoitteita. Metaforatutkimus on väistämättä 
subjektiivinen kielitieteen tutkimusala, koska ei ole olemassa mitään absoluuttista ja täysin 
objektiivista tapaa määrittää, mitkä tapaukset ovat kirjaimellisia tulkintoja, metaforia, kuolleita 
metaforia tai vain yleistä polysemiaa. Tämän takia on tärkeää suorittaa metaforatutkimusta 
mahdollisimman johdonmukaisesti alusta loppuun asti. Aineiston artikkeleiden kielenkäyttöön 
vaikuttaa luonnollisesti niiden kirjoittajien henkilökohtaiset preferenssit ja tottumukset, mikä 
voi heijastua tämän tutkimuksen tuloksissa, mutta tätä pulmaa on lähes mahdoton välttää 
analysoitaessa erilaisia tekstejä. Myös totuusarvojen ja totuusehtojen teoreettinen ja 
käytännöllinen soveltaminen luonnolliseen kieleen on kieltämättä haastavaa, koska nämä 
menetelmät ovat lähtöisin formaalien kielten piiristä. Lopuksi on myös mahdollista 
kyseenalaistaa kuinka hyvin valitut alat (tähtitiede, soveltava kielitiede ja makrotaloustiede) 
edustavat laajempia tieteenhaaroja (luonnontieteet, humanistiset tieteet ja yhteiskuntatieteet), 
mutta näiden tieteenhaarojen laajuuden ja monimuotoisuuden vuoksi on vaikea kuvitella mitään 
muuta systemaattista lähestymistapaa, jolla on mahdollista saada mielekkäitä tuloksia ilman, 
että työmäärä kasvaa ylitsepääsemättömäksi. 
Tulevaisuudessa tieteellisten tekstien metaforatutkimukselle on olemassa useita eri mahdollisia 
polkuja, koska—kuten yllä mainittiin—on olemassa lukuisia tieteenaloja, joita ei ole vielä 
tutkittu metaforien käytön suhteen. Lisäksi olisi mielenkiintoista tutkia, kuinka tieteellisten 
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tekstien lukijat hahmottavat niissä esiintyvät metaforat ja selvittää vaikuttavatko nämä 
kielikuvat ymmärtämisprosessiin positiivisesti vai negatiivisesti. Suurin osa tämänhetkisistä 
metaforatutkimuksista keskittyy laadulliseen analyysiin, joten olisi toivottavaa, että 
tulevaisuudessa useammat tutkimukset sisältäisivät enemmän kvantitatiivista analyysia, mikä 
mahdollistaisi tutkimusten objektiivisen vertailun. Tutkijoiden olisi myös tärkeää päästä 
yhteisymmärrykseen metaforateorian suhteen, koska tällä hetkellä on olemassa useita 
kilpailevia teorioita, mikä vaikeuttaa metaforatutkimusten vertailua, koska kaikki tulokset eivät 
ole yhdenmukaisia. 
